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EVALUATION  OF  AREAS  FOR  OFF-ROAD 
RECREATIONAL  MOTORCYCLE  USE 
VOLUME  II:  ALTERNATE  SOIL 
SUITABILITY  DETERMINATION  METHODS 


1  INTRODUCTION 


Background 

Over  the  past  decade  there  has  been  a  rapid  increase  in  the  production,  sale,  and  use  of  off-road 
recreational  vehicles  (ORRV's)  These  vehicles  include  snowmobiles,  dune  buggies,  trailbikes,  alb 
terrain  vehicles,  swamp  buggies,  four-wheel  drive  trucks,  and  many  more.  Their  widespread  use 
prompted  President  Nixon  to  issue  Executive  Order  1 1644  in  1972  and  President  Carter  to  issue  Execu¬ 
tive  Order  1 1989  in  1977. 1  These  orders  require  that  public  lands  in  the  custody  of  the  Federal  govern¬ 
ment  be  evaluated  for  potential  use  by  ORRVs.  They  establish  policies  and  procedures  to  insure  that 
ORRV  use  on  public  lands  is  controlled  and  directed  so  as  to  protect  natural  resources,  promote  the 
safety  of  all  users,  and  minimize  conflicts  among  various  land  uses. 

In  response  to  these  Presidential  orders.  Army  Regulation  (AR)  210-9  was  issued  in  1975,  and 
revised  1  July  1978. 1  This  AR  charges  Army  personnel  with  determining  the  suitability  of  installation 
lands  for  ORRV  use  To  help  in  this  task,  researchers  at  the  U.S.  Army  Construction  Engineering 
Research  Laboratory  (CERL)  developed  a  method  to  evaluate  land  areas  for  off-road  recreational 
motorcycle  (trailbikc)  use  Guidance  for  conducting  this  evaluation  is  in  Volume  I.’  The  principal 
components  of  the  evaluation  method  described  in  V  olume  I  are 

1.  An  examination  of  existing  land  use  to  determine  areas  which  are  incompatible  with  trailbikc 
use 

2.  The  establishment  of  noise  buffer  zones  around  noise-sensitive  land  uses. 

1  The  establishment  of  potential  candidate  areas  for  ORRV  use. 

4  An  evaluation  of  the  soil  suitability  of  candidate  areas. 

5.  An  examination  ot  other  environmental  factors  which  would  restrict  ORRV  use  in  a  candidate 

area 

6.  Site  selection  and  (rail  development  of  candidate  areas  found  to  be  acceptable  for  trailbikc  use 

One  of  the  maior  elements  of  this  evaluation  is  the  determination  of  soil  suitability;  procedures 
used  to  determine  soil  suitability  range  from  simple  to  highly  complex.  Although  the  mechanics  of  the 
soil  suitability  determination  method  described  in  Volume  I  are  reliable  and  easy  to  do.  it  uses  sophisti¬ 
cated  information,  us  success  depends  on  the  availability  of  reliable  soil  survey  information 

While  many  Army  installations  have  detailed  soil  survey  information,  many  do  not  Therefore, 
the  methods  and  soil  analysis  techniques  presented  in  this  report  represent  acceptable  alternatives  to  the 
soil  suitability  determination  method  described  in  Volume  I  These  alternatives  are  intended  to  be  as 
nontechnical  as  possible  so  that  they  may  he  used  by  persons  who  may  be  familiar  with  soils  and  their 
characteristics,  but  who  are  not  necessarih  professional  soil  scientists.  This  was  done  primarily  because 
most  installations  do  not  have  professional  soil  scientists  on  staff  and/or  may  not  be  able  to  obtain  the 
services  of  such  a  professional 
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Many  of  these  alternative  methods  and  techniques  have  been  adapted  from  standard  field  and 
laboratory  soils  examination  methods.  However,  standard  methods  are  often  highly  technical  and 
expensive.  Therefore,  some  of  the  more  intricate  and  time-consuming  steps  of  the  standard  methods 
have  been  simplified  or  modified.  The  adaptations  have  been  field  tested  and  reviewed  for  technical 
accuracy.  While  the  adaptations  affect  the  absolute  accuracy  of  some  methods,  results  will  be  reliable 
enough  to  identify  areas  which  may  or  may  not  be  acceptable  for  trailbike  use. 


Objective 

The  objective  of  this  study  is  to  provide  information  for  evaluating  soil  suitability  for  motorcycle 
use.  This  volume  identifies  seven  alternative  methods 


Approach 

A  literature  search  was  conducted  to  gather  data  on  available  soil  survey  and  testing  methods  In 
addition,  professional  soil  scientists  with  the  U  S.  Department  of  Agriculture  (USDA),  Soil  Conserva¬ 
tion  Service  (SCS),  the  University  of  Illinois,  and  other  organizations  were  consulted. 

Soil  survey  and  testing  methods  considered  adaptable  to  the  soil  suitability  evaluation  require¬ 
ments  developed  for  trailbike-use  areas  (Volume  I)  were  field  tested  to  determine  the  ease  and  speed 
with  which  they  could  be  used.  During  the  tests,  seven  distinct  scenarios  (in  terms  of  data  availability 
and  the  use  of  survey  and  testing  methods)  were  identified.  The  survey  and  testing  methods  which 
were  most  applicable  to  each  scenario  were  combined  to  create  seven  alternative  evaluation  methods 
The  survey  and  testing  methods  were  then  modified  to  make  them  ( 1 )  as  nontechnical  as  possible  and 
(2)  maintain  their  reliability  as  tools  for  each  of  the  seven  evaluation  methods. 


Scope 

The  methods  described  in  this  report  are  specifically  oriented  toward  evaluating  soil  suitability  for 
recreational  trailbike  use.  Competitive  events  are  not  considered,  nor  is  the  use  of  other  types  of 
ORRVs  or  tactical  vehicles. 


Mode  of  Technology  Transfer 

Information  and  techniques  contained  in  this  report  will  be  incorporated  into  an  Army  Technical 
Manual  which  will  provide  guidance  for  evaluating  areas  for  trailbikes.  snowmobiles,  four-wheel  drive 
vehicles,  and  competitive  events. 


2  ALTERNATIVE  METHODS 


Approach 

A  simple  way  to  determine  and  document  soil  suitability  is  to  develop  a  soil  limitations  map  4  Soil 
limitations  ratings  are  used  to  develop  these  maps  Limitations  ratings  define  the  degree  of  limitation 
which  a  soil  has  for  a  particular  use.  i.e..  slight,  moderate,  or  severe.  For  example,  a  particular  soil  in 
an  area  being  considered  for  trailbike  use  might  be  rated  as  having  severe  limitations  because  it  has 
many  large  stones  in  its  surface  layer. 

The  following  are  definitions  of  slight,  moderate,  and  severe  limitations. 

1.  Slight  is  the  rating  given  to  soils  and  areas  where  soils  have  properties  acceptable  for  trailbike 
use.  The  degree  of  limitation  is  minor  and  environmental  damage  is  expected  to  be  below  average. 
Good  performance  and  low  maintenance  can  be  expected. 

2.  Moderate  is  the  rating  given  to  soils  and  areas  where  soils  have  properties  moderately  accept¬ 
able  for  trailbike  use.  This  degree  of  limitation  can  be  overcome  or  modified  by  special  planning, 
design,  or  trail  maintenance  Some  soils  rated  moderate  require  treatment  such  as  artificial  drainage, 
control  for  runoff  to  reduce  erosion,  or  some  modification  of  certain  features  through  manipulation  of 
the  soil,  e  g.,  removal  of  large  stones. 

3.  Severe  is  the  rating  given  to  soils  and  areas  where  soils  have  one  or  more  properties  that  are 
unacceptable  for  trailbike  use,  such  as  steep  slopes,  high  organic  matter,  flooding,  a  seasonal  high  water 
table,  or  a  high  erodibility  factor.  This  degree  of  limitation  generally  requires  major  soil  reclamation, 
special  design,  or  intensive  maintenance.  Some  of  these  soils  can  be  improved  by  reducing  or  remov¬ 
ing  the  soil  feature  that  limits  use,  however,  in  most  situations,  it  is  difficult  and  costly  to  alter  the  soil 
or  to  design  the  trail  so  as  to  compensate  for  a  severe  degree  of  limitation. 

Special  soil  interpretations  are  required  to  rate  soils  for  a  particular  use.  Accordingly,  CERL 
researchers  have  cooperated  with  the  staff  of  the  SCS  Soil  Survey  Interpretations  Division  in  the 
development  of  a  guide  for  rating  soil  limitations  for  trailbike  trails  (Table  I  >;  this  table  can  be  used  to 
rate  every  soil  series  in  the  United  States  which  has  been  identified  by  the  SCS.  If  the  resource 
manager  evaluating  an  area  has  a  recent  soil  survey,  complete  with  series  maps,  he  or  she  can  directly 
use  these  limitations  ratings  to  develop  the  limitations  map.  However,  limitations  ratings  can  only  be 
directly  applied  if  there  is  a  tecent,  detailed  survey  available. 

Since  the  rating  guide  is  the  essential  tool  for  determining  soil  suitability,  the  seven  methods 
described  in  this  report  identify  alternative  ways  to  apply  it.  Each  method  represents  an  identifiable 
scenario  in  terms  of  (I)  combinations  of  soil  survey  availability,  (2)  the  extent  to  which  the  assistance 
of  a  soil  scientist  is  available,  and  (3)  dependence  on  original  field  survey  techniques.  Each  alternative 
is  evaluated  for  its  reliability  and  the  ease  and  speed  with  which  it  can  be  used  by  Army  field  personnel. 


Elements  of  the  Alternative  Methods 

The  alternative  methods  to  determine  soil  suitability  for  trailbike  use  are  shown  in  the  flow  chart 
in  Figure  I  A  discussion  of  each  block  or  element  in  the  flow  chart  and  diagrams  illustrating  each 
alternative  method  and  its  use  are  given  below 

Choose  Candidate  Area 

Candidate  areas  for  trailbike  use  should  be  selected  as  described  in  Volume  I;  generally,  two  or 
more  areas  are  chosen  after  all  incompatible  and  noise-sensitive  land  uses  and  noise  buffer  zones  have 
been  eliminated  from  consideration .'  If  possible,  candidate  areas  should  range  in  size  from  100  to  250 
acres  (40  to  100  hectares),  as  portions  of  these  areas  will  probably  be  eliminated  from  consideration  for 


4  l  J  Barlelli,  el  al  IKditorsl,  Soil  Survns  and  land  I  se  Planning  (Soil  Science  Society  of  America  and  American  Society  of 
Agronomy.  ISOM 

'  Also  see  Evaluation  of  Areas  lor  Off- Hoad  Ret  minimal  Motomilr  t  se.  FTN  80-S  (Department  of  the  Army.  Office  of  the  Chief 
of  Engineers.  4  March  1 080  > 


Table  1 


Guide  for  Rating  Soil  Limitations  for 
Trail  bike  Use 


Limits 


Property 

Slight 

Moderate 

Severe 

Restrictive 

Feature 

1.  USDA  Texture 

... 

ICE 

Permafrost 

2,  Fraction  >  3  in 
(wt  %)  (surface 
layer)* 

<10 

10-  25 

>25 

Large  stones 

3  Depth  to  high 
water  table,  ft  (m) 

>2  (0.6) 

1-2  <0  3-0.6) 

0-1  (0-0  3) 

Wetness 

Ponding 

4  Erosion  factor 
(K)  x  %  slope 

<2 

2  -  4 

>4 

Erodes  easily 

5  USDA  Texturj 
(surface  layer) 

... 

... 

SC.SIC.C 

Too  clayey 

6.  USDA  Texture 
(surface  layer) 

... 

LCOS.VFS 

COS.S.FS 

Too  sandy 

7.  Unified 

(surface  layer) 

... 

... 

OL.OH.PT 

Excess  humus 

8  Slope  <%) 

0-25 

25  -  40 

>40 

Slope 

9  Coarse  fragments 
(wt  %L<surface 
layer) 

<40 

40  -  65 

>65 

Small  stones 

10  USDA  Texture 
(surface  layer) 

... 

SIL.SI 

VFSL.L 

... 

Dusty 

1 1  Flooding 

NONE.RARE 

OCCASSIONAL 

FREQUENT 

... 

Floods 

12  Other + 

... 

... 

... 

Fragile 

Soils  in  UST,  TOR.  ARID,  BOR.  or  XER  suborders,  great  groups,  or  subgroups 
„  rate  one  class  better. 

100  minus  the  percent  passing  No  10  sieve 

If  the  soil  is  easily  damaged  by  use  or  disturbance,  rate  as  "Severe- Fragile  " 
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Figure  1.  Alternative  methods  of  determining  soil  suitability  --  flow  chart. 


II 


use  because  of  soil  limitations.  Depending  on  user  demand  and  type  of  terrain,  a  final  trailbike-use 
area  will  range  in  size  from  20  to  250  acres  (8  to  100  hectares) 


Mapped  Soil  Survey  A  vailable 

If  a  candidate  area  has  a  mapped  soil  survey  that  is  available  to  the  user,  the  pathways  on  the 
left-hand  side  of  Figure  1  are  followed. 

Vo  Mapped  Soil  Survey  A  vailable 

If  no  mapped  soil  survey  of  a  candidate  area  is  available,  the  pathways  on  the  right  side  of  Figure 
I  are  followed. 

Evaluate  Survey 

Although  current  SCS  soil  classification  is  based  on  the  Comprehensive  Soil  Survey  System,  the  con¬ 
cepts  behind  soil  classification,  identification,  and  interpretation  have  remained  basically  the  same  since 
1950;  since  1957,  information  in  detailed  SCS  surveys  has  been  very  consistent  6  Detailed  surveys 
done  after  1950  are  generally  still  in  print  and  are  available  from  state  SCS  offices  For  these  reasons, 
post- 1950  SCS  surveys  are  defined  as  recent  soil  surveys  and  are.  in  most  cases,  considered  readily 
applicable  for  use  with  the  methods  outlined  in  Volume  I  of  this  report.*  SCS  soil  surveys  done  before 
1950  and  surveys  done  at  any  time  by  other  agencies  may  or  may  not  be  readily  applicable.  The  follow¬ 
ing  criteria  can  be  used  to  determine  if  surveys  are  usable 

1  The  survey  includes  a  map  on  which  the  soils'  boundaries  are  indicated 

2.  The  survey  is  a  detailed  survey;  therefore,  the  mapping  units  are  soil  series  names  and/or 
series  names  and  phases,  e  g.,  Smolan  silt  loam,  1  to  4  percent  slopes,  or  Smolan  silty  clay  loam,  4  to  8 
percent  slopes,  eroded. 

The  following  criteria  can  be  used  to  determine  if  the  surveys  are  not  usable: 

I.  The  survey  was  done  according  to  soil  associations.  A  soil  association  is  a  group  of  defined 
and  named  soil  types  occurring  together  in  an  individual  and  characteristic  pattern  over  a  geographic 
area.  Because  soils  included  in  associations  are  of  varying  properties,  it  is  difficult  to  evaluate  the  actual 
soil  suitability  of  an  area,  since  the  spatial  distribution  of  each  soil  is  not  easily  determined. 

2  The  survey  does  not  include  a  map  of  the  location  of  the  soils,  or  the  scale  of  the  mapping  is 
not  useful,  e  g.,  an  entire  state,  or  a  scale  of  1 :500,000, 

3.  The  survey  identifies  soils  by  texture  name,  engineering  property,  or  other  characteristic  with 
no  indication  of  the  series  or  association  names. 

4.  The  survey  uses  soil  names  which  do  not  correspond  to  existing  SCS  series  names. 

5.  The  survey  is  no  longer  reliable  because  of  earthmoving  operations  in  the  area 

The  best  test  of  a  survey  is  to  attempt  to  obtain  soil  series  limitations  ratings  for  the  soils 
identified  in  it  (see  p  14) 

Survey  Can  Be  Used  to  Obtain  Series  Ratings 

If  the  evaluation  of  an  area’s  existing  soil  survey  reveals  that  it  can  be  used  to  obtain  series  limita 
tions  ratings,  the  left-hand  pathway  in  Figure  I  is  used. 


''  Soil  Survey  Staff.  Soil  (  lasstfication  ••  A  Comprehensive  System  -  7th  Approximation  (IISI)A.  Augusl  l%0>.  and  Nvle  C  Brady. 

The  Nature  unit  Properties  of  Soils.  8th  Kd  (MacMillan  Publishing  Co  ,  Inc  .  1974).  p  318 
*  An  explanalmn  ol  how  to  apply  these  methods  to  the  selection  and  evaluation  of  Irailbike-use  areas  is  given  in  Volume  I  of 
this  report 


Survey  Cannot  Be  Used  to  Obtain  Series  Ratings 

If  the  evaluation  of  an  area’s  existing  soil  survey  reveals  that  the  survey  cannot  be  used  to  obtain 
series  limitations  ratings,  the  right-hand  pathways  in  Figure  1  are  used.  These  pathways  represent 
essentially  the  same  approaches  recommended  if  there  is  no  mapped  soil  survey  of  the  area.  However, 
even  though  a  survey  cannot  be  used  to  directly  obtain  series  ratings,  it  may  be  used  as  a  source  of 
information  when  making  field  examinations. 

The  Assistance  of  a  Soil  Scientist  Is/ls  Not  A  vailable. 

A  memorandum  of  understanding  established  between  the  Department  of  Defense  and  the  USDA 
authorizes  execution  of  cooperative  agreements  in  the  attainment  of  mutual  conservation  objectives.1 
Many  Army  installations  and  activities  have  also  established  cooperative  agreements  with  the  state  or 
local  offices  of  the  USDA  SCS.  In  most  other  instances,  local  SCS  offices  will  provide  short-term  assis¬ 
tance  without  an  established  cooperative  agreement.  If  soil  limitations  ratings  cannot  be  obtained  by 
using  an  existing  soil  survey,  or  if  there  is  no  survey  for  the  area,  the  user  should  ask  an  SCS  or  other 
professional  soil  scientist  for  help.  (The  state  or  local  SCS  office  may  be  able  to  recommend  one  or 
more  local  consulting  soil  scientists. ) 

Soil  Scientist:  Make  Site  Visit  to  Examine  Soils 

If  assistance  from  SCS  personnel  (or  other  soil  scientist)  is  available,  the  soil  scientist  should  visit 
each  alternative  site  and  examine  the  soils. 

Resource  Manager:  Make  Site  Visit  to  Examine  Soils 

If  cooperation  and/or  assistance  from  the  SCS  cannot  be  obtained,  and  other  professional  scien¬ 
tists  are  unavailable,  the  installation  natural  resource  manager,  agronomist,  or  other  official  must  make 
the  site  visit.  Chapter  3  lists  simple  survey  techniques  which  the  resource  manager  can  use  to  examine 
an  area’s  soils. 

Identify  Soils  and  Map  Their  Location 

An  experienced  soil  scientist  can  survey  up  to  250  to  500  acres  per  day  (100  to  200  hectares  per 
day).  Generally,  if  an  installation  has  an  effective  cooperative  agreement  with  the  SCS.  a  1  to  2  day 
visit  by  an  experienced  soil  scientist  for  the  purpose  of  identifying  and  mapping  soils  should  cost  little 
or  nothing.  A  site  visit  of  more  than  2  days,  or  a  survey  of  a  significant  amount  of  acreage,  can  gen¬ 
erally  be  obtained  on  a  50  percent  shared-cost  basis.  If  a  site  visit  by  SCS  personnel  (or  a  private  con¬ 
sultant)  can  be  organized,  it  is  best  to  have  the  soil  scientist  identify  and  map  the  location  of  soils  by 
soil  series  names  and  phase.  The  identification  and  mapping  techniques  should  be  the  same  as  those 
used  in  a  detailed  county  survey. 

Examine  Appropriate  Soil  Properties  From  the  Rating  Guide 

If  SCS  or  other  professional  assistance  is  limited  because  of  budgetary  and/or  manpower  con¬ 
straints  and  a  detailed  soil  survey  of  alternative  areas  cannot  be  performed,  the  SCS  soil  scientist  (or 
private  consultant)  should  be  asked  to  examine  the  soils  on  the  basis  of  Table  1.  As  noted  earlier. 
Table  I  was  developed  by  a  cooperative  effort  between  CERL  and  the  SCS.  The  SCS  has  developed 
similar  guides  for  other  uses,  e  g.,  playgrounds  and  septic  tank  absorption  fields.  The  interpretation  of 
soil  suitability  for  these  other  uses  is  normal  procedure  as  part  of  the  National  Cooperative  Soil  Survey 
being  conducted  by  the  SCS.  Since  its  development,  the  guide  in  Table  1  has  been  included  in  the 
National  Soils  Handbook  with  the  other  guides.  As  a  result,  state  or  local  SCS  offices  should  be  fami¬ 
liar  with  the  guide  and  should  be  able  to  assess  soil  suitability  for  trailbike  use  fairly  quickly. 

Using  Table  1,  the  soil  scientist  can  examine  the  most  important  soil  properties,  identify  the  res¬ 
trictive  features  which  may  limit  trailbike  use,  and  determine  the  degree  of  limitation  for  that  use.  He 
or  she  should  then  prepare  a  map  of  the  area  which  will  illustrate  those  portions  of  the  area  with  slight, 
mode;  ate,  and/or  severe  limitations.  This  map  need  not  be  elaborate;  a  simple  hand  sketch  (which  can 
be  easily  reproduced)  is  sufficient  The  soil  scientist  should  supplement  this  map  by  indicating  why 

Natural  Hesnun o  Ijind.  hires/,  and  W tldl/fr  Manasemrni.  AR  420-74  (Department  of  the  Army.  I  July  1077),  p  2-1 
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each  portion  of  the  area  was  rated  slight,  moderate,  or  severe.  When  determining  this  rating,  the 
highest  degree  of  limitation  should  apply  For  example,  if  a  soil  occurs  on  0  to  10  percent  slopes  in  an 
area  where  the  water  table  is  greater  than  2  ft  (0.61  ml  deep  and  is  a  silty  clay  (SIC),  it  should  be  rated 
as  having  severe  limitations  because  it  is  "too  clayey "  It  is  rated  severe  even  though  it  has  only  slight 
limitations  for  wetness  and  slope  (Table  1 ). 

If  professional  assistance  is  not  available,  the  installation  resource  manager  and/or  agronomist 
who  makes  the  site  visit  will  need  to  examine  several  of  the  soil  properties  indicated  in  Table  1,  i.e.. 
soil  texture,  slope,  erodibility,  depth  to  high  water  table,  presence  of  large  and  small  stones,  and  fre¬ 
quency  of  flooding.  These  soil  properties  can  be  examined  and  mapped  using  simple  survey  and 
analysis  techniques  (Chapter  3). 

Obtain  Soil  Series  Limitations  Ratings 

Soil  limitations  ratings  may  be  obtained  from  either  of  two  sources;  slate  or  local  SCS  offices  or 
the  major  command  (MACOM)  natural  resource  offices  of  the  Training  and  Doctrine  Command  (TRA- 
DOC)  and  Forces  Command  (FORSCOM)  and  the  Natural  Resources  Section  of  the  Installation  and 
Services  Activity  (I&SA)  of  the  Materiel  Development  and  Readiness  Command  (DARCOM) 

SCS  Offices.  Since  the  rating  guide  in  Table  1  has  been  included  in  the  National  Soils  Handbook, 
SCS  field  personnel  will  be  familiar  with  it  and  may  have  already  rated  local  soils  for  potential  trailbike 
use.  To  obtain  ratings  from  the  state  or  local  SCS  offices,  it  will  be  necessary  to  prepare  a  list  of  each 
soil  series  or  phase  found  in  candidate-use  areas.  This  is  done  by  examining  the  published  survey(s) 
which  cover  the  areas,  if  available,  and/or  the  soils  map  which  is  prepared  in  the  field  by  an  experi¬ 
enced  soil  scientist.  This  list  and  all  other  appropriate  material  is  then  taken  to  the  nearest  state  or  local 
SCS  office  and  appropriate  assistance  is  requested. 

MACOM  Offices.  As  noted  earlier,  every  soil  in  the  U  S.  which  has  been  identified  by  the  SCS 
has  been  rated  for  its  suitability  for  trailbike  use.  These  limitations  ratings  are  available  from  the 
MACOM  natural  resources  offices  of  TRADOC  and  FORSCOM  and  the  Natural  Resources  Section  of 
the  I&SA,  DARCOM.*  To  obtain  these  ratings  from  these  offices,  it  will  again  be  necessary  to  prepare  a 
list  of  each  soil  series  or  phase  found  in  the  candidate-use  areas.  Once  this  list  is  prepared,  a  request 
for  the  soil  limitations  ratings  for  each  soil  on  this  list  is  then  forwarded  to  the  appropriate  MACOM 
office  (Appendix  A  gives  a  sample  of  user  instructions  which  will  accompany  soil  limitations  ratings 
obtained  from  the  MACOM  offices.) 

Map  Limitations 

The  final  step  in  evaluating  soil  suitability  is  to  prepare  a  soil  limitations  map  To  do  this,  a  soil 
base  map  should  be  prepared  This  map  should  illustrate  the  location  of  every  soil  senes  or  series 
phase  which  is  found  in  a  candidate  area  This  base  map  can  be  made  by  reproducing  the  soil  map 
found  in  the  soil  survey,  if  available.  Otherwise,  the  field  maps  prepared  by  the  cooperating  soil  scien¬ 
tist  or  the  resource  manager  should  be  reproduced  A  detailed  explanation  of  map  preparation  and 
interpretation  is  given  in  Chapter  4. 


Relative  Usefulness  of  Each  Alternative  Method 

Fxich  of  the  seven  alternative  methods  is  considered  more  or  less  useful  than  the  other  methods 
This  usefulness  is  relative  and  is  defined  in  terms  of  the  reliability  of  the  soil  survey  and/or  field  map. 
and  the  ease  and  speed  with  which  each  method  can  be  accomplished.  Also  considered  is  the  cost  of 
each  method.  The  amount  of  effort  and  accuracy  which  the  resource  manager  and/or  soil  scientist 
applies  to  each  method  determines  its  absolute  utilitv 

Figures  2  through  8  illustrate  each  method.  Table  2  briefly  describes  each  method's  positive  and 
negative  aspects.  Method  1  is  considered  the  most  usable  and  is  discussed  in  depth  in  Volume  I  of  this 

*  About  I  t  one  soils  have  been  identified  by  Ihe  SC  S  Soil  properly  data  lot  each  of  these  soils  is  stored  in  tiles  on  compuiei 
tape  Using  the  trailbike  rating  criteria,  and  with  the  help  ol  the  S<  S  and  ihe  Statistical  1  ahoratory  al  Iowa  State  University. 
CF.RI.  has  accessed  these  tiles  and  developed  the  ratings  Paper  copies  ol  the  limnahons  raPngs  arc  voluminous  Therefore  a 
limited  distribution  to  only  the  MACOM  natural  resource  olTurs  was  appropriate 
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Table  2 


Positive  and  Negative  Aspects  of  Alternative  Methods  for 
Evaluating  Soil  Suitability  for  Recreational  Trailbike  Use 


Alternative  Method  Positive  Aspects 


Negative  Aspects 


No  )  •  Availability  of  mapped 

survev  provides  usable 
background  information 
on  soil  properties 

•  I  ses  most  recent 
published  data. 

•  Requires  little  or  no 
additional  lield  work. 

•  (ienerally  does  not 
require  that  funds  be 
spent  for  a  consultant 

•  Accomplished  fairly 

rapidly 

•  Requires  little  or  no 
technical  effort  to 
prepare  limitations 
map 

•  l  sc  of  detailed  data 
results  m  \ci> 
reliable  limitations 
map 

No  2  •  \ v. (liability  ol  mapped 

survev  provides 
usable  background 
information  on 
soil  properties 

•  Input  of  professional 
soil  scientist  yields 
ven  reli.ihlc 

data 

•  l  scs  revent 
detailed  field 
dal.i 

•  Requires  little  or 
no  tcvhiiual  ertort 
to  pt  epar c 
Imitations  map 

•  f  sc  n|  detailed  data 
ursulls  m  s  or v 
reliable  limitations 
map 


No  t  *  Input  ol  a 

professional  soil 
scientist  \  iclds 
very  reliable  data 


•  I  valuation  ol 
available  survev 
will  require  some 
expertise/ experience 
in  vvorking  with 
soils 

•  I >c|\.*nds  on  the 
usefulness  and 
reliability  ol  exist¬ 
ing  survey 


•  I  valuation  ol 
available  survey  will 
require  some 
cxpertisc/evperience 
in  working  with 

Soils 

•  Since  existing  survey 
cannot  he  used 
direct Iv  varying 
degrees  o!  held 
ellort  are  required 

•  Requires  preparation 
of  agreement  or 
contract  wiih 

a  soil  scientist 

•  \1  a>  r  Cvjmr «.•  ( li.it 
lunds  tv.  'ivm 
lor  eunsiilUinl 

.  I'rcl'iiuiii'n  ol  deluded 
licWsuises  m,o 
require  suhsunlise 
ennsull.tni  ellort 
;ind  time 

.  I  .ick  ol  existing  mapped 
sursex  lequircs  the 
development  ol  soil 
m.ips  wiihout  the 
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Table  2  (Cont'd) 


Alternative  Method  Positive  Aspects  Negative  Aspects 

_  i 


No  4 


No 


•  l  son.  recent  detailed 
lie  Id  data 

•  Requires  little  nr  no 
technical  clVori 

to  prepare 
limitations  map 

•  l  se  of  detailed 
data  results  in 
very  reliable 
limitations  map 


•  \  variability  of 

mapped  survey 
provides  usable 
background  information 
on  soil  properties 

•  Input  of  a 
professional  soil 
scientist  yields 
very  reliable  data 

•  Since  consultant 
is  not  required  to 
piepare  a  detailed 
sut  \e> .  held  cllort 
and  time  is  reduced 


•  Input  ol  professional 
soil  sv lent ist  yields 
very  lehable 

data 

•  Since  consultant 
is  not  required 
to  prepare  a 
detailed  survev 


aid  of  v  alu able 

background 

information 

•  Lack  ol  existing 
mapped  survey  mereases 
the  amount  of  held 
clVori  requited 

•  Requires  preparation 
of  agreement  or 
contract  with  .1 

soil  scientist 

•  May  require  that 
funds  be  spent  for 
consultant 

•  Preparation  ol 
detailed  field 
survey  may  require 
substantive  con¬ 
sultant  time  and 
cllort 

•  I  ol 

available  survey 
will  require  some 

e  v  1  v  r  use/  e  x  pe  r  ic  nee 
in  working  with 
soils 

•  Since  existing 
survey  cannot  be 
used  directly 
varying  degrees  of 
held  dim  1  aie 
required 

•  Requites  preparation 
ol  agreement  or 
conn  act  with  a 

soil  scientist 

•  May  require  that 
funds  be  spent 
lor  consultant 

•  I  'se  of  a  nondelailcd 
survev  reduces 

the  reliability  ol 
the  limitations 
map 

•  I  ack  ol  existing 
mapped  survey 
requires  the  develop¬ 
ment  of  soil  maps 
without  the  aid 

of  valuable 
background 
infor  mation 
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Table  2  (Cont’d) 


Alternative  Method  Positive  Aspects 


Negative  Aspects 


No  5 


No  6 


No  7 


field  effort  anti 
time  is  reduced. 


•  Availability  of  mapped 
survey  provides 
usable  background 
information  on 

soil  properties 

•  Does  not  require 
preparation  of 
agreement  or 
contract  with  a 
soil  scientist 

•  Generally  does  not 
require  that  funds 
be  spent  for 
consultant 


•  Does  not  require 
preparation  of 
agreement  or 
contract  with 

a  soil  scientist 

•  Generally  does 
not  require  that 
funds  he  spent  for 
consultant 


•  Lack  of  esisting 
mapped  survey 
increases  the 
amount  of  lield 
elfort  required 

•  Requires  preparation 
of  agreement  or 
contract  with  a 

soil  scientist 

•  May  require  that  funds 
be  spent  for  consultant 

•  Use  of  a  nondetailed 
survey  reduces  the 
reliability  of  the 
limitations  map. 

•  (-'valuation  of 
available  survey 
will  require 
some  expertise/ 
experience  in 
working  with 
soils. 

•  Since  existing  survey 
cannot  be  used 
directly,  varying 
degrees  of  field 
elfort  are  required 

•  Lack  ol  input  from 
a  professional  soil 
scientist  decreases 
reliability  of  survey  data 

•  Requires  a  significant 
amount  of  in-house 
time  and  elfort 

•  Soils  information  and 
survey  may  not  he 
extremely  reliable 

•  l  sc  of  a  nondetailed 
survey  reduces  the 
reliability  of  the 
limitations  map 

•  Lack  of  existing  mapped 
survey  requires  the 
development  of  soil  maps 
without  the  aid  of 
valuable  background 
information 

•  Lack  of  existing  mapped 
survey  increases  the 
amount  ol  lield  elfort 
required 
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Table  2  (Cont’d) 


Alternative  Method 

Positive  Aspects 

Negative  Aspects 

No  7 

•  1  .uk  ol  inpui  from 

professional  soil  scientist 
decreases  reliability  o| 
survev  data 

•  Requires  a  signiticant 
amount  ol  in-house 
time  and  effort 

•  Soils  information  anil 
survey  may  not  be 
extreme!)  reliable 

•  l  so  of  a  nondetailed 
survey  reduces  the 
reliability  of  the 
limitations  map 
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Figure  2  Method  I 
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Figure  5.  Method  4. 


Figure  6.  Method  5. 
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Figure  7.  Melhod  6 
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report.  Method  2  is  considered  the  next  most  usable,  etc.  Method  7  is  considered  the  least  usable  and 
reliable;  Method  7  also  requires  the  greatest  effort. 

When  the  installation  resource  manager  begins  to  evaluate  an  area’s  suitability  for  trailbike  use, 
he  or  she  should  first  examine  the  positive  and  negative  aspects  of  each  method.  Then,  based  on  this 
examination,  the  availability  of  a  usable  soil  survey,  and  the  extent  to  which  the  cooperation  of  a  pro¬ 
fessional  soil  scientist  can  be  obtained,  the  most  usable  and  reliable  method  should  be  selected. 

To  use  any  of  the  seven  alternative  methods,  the  resource  manager  simply  follows  the  flow  chart 
elements  and  element  discussions  in  the  order  in  which  they  apply  to  each  method.  The  heavier  lines 
on  Figures  2  through  8  indicate  the  appropriate  pathways  for  each  method. 
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3  FIELD  TECHNIQUES  FOR  EXAMINING  SOIL  PROPERTIES 


General 

This  chapter  describes  simple  techniques  which  can  be  used  to  conduct  a  soil  survey  and  identify 
soil  properties.  These  techniques  are  intended  to  be  used  for  determining  soil  suitability  for  trailbike 
use.  Therefore,  discussion  is  limited  to  those  soil  properties  which  can  easily  be  examined  and  are 
necessary  to  determine  suitability  for  this  particular  use.  (However,  the  techniques  can  be  used  to 
evaluate  soil  suitability  for  other  uses  if  an  applicable  limitations  rating  guide  is  available.) 

The  resource  manager  who  uses  these  techniques  should  always  allow  that  the  results  obtained  are 
approximations.  In  the  absence  of  any  other  data  or  technical/professional  assistance,  these  techniques 
provide  more  reliable  information  than  could  be  obtained  from  a  cursory  examination. 

These  techniques  are  used  with  Methods  6  and  7.  If  it  becomes  necessary  to  use  them,  the 
resource  manager  should  reduce  the  candidate-use  area  acreage  to  a  size  which  can  more  easily  be 
examined,  e  g.,  100  to  150  acres  (40  to  60  hectares). 


Preparing  the  Soil  Survey  Map 

Before  examining  the  soil  properties  of  a  candidate  area,  it  is  necessary  to  prepare  a  soil  base  map. 
This  can  be  done  in  either  of  two  ways,  depending  on  survey  data  availability.  One  way  is  to  examine 
any  existing  soil  survey  of  the  area  and,  through  interpretation,  prepare  the  necessary  base  map.  The 
other  is  to  prepare  an  original  field  survey  map. 

Interpreting  an  Existing  Survey 

Even  if  an  area’s  existing  survey  is  not  detailed  enough  to  allow  the  resource  manager  to  use 
Method  1,  the  information  in  the  survey  can  still  be  used  to  prepare  the  soil  base  map  If  the  survey 
includes  a  map  which  delineates  soil  boundaries,  the  map  itself  should  be  reproduced  and  used  as  the 
base  map.  Whenever  possible,  soil  boundaries  should  be  drawn  on  a  topographic  map.  Special  care 
should  be  taken  to  draw  the  boundaries  so  that  the  original  scale  of  the  soil  map  corresponds  to  the 
scale  of  the  topographic  map. 

An  existing  survey  which  contains  written  soil  descriptions  is  extremely  useful,  in  many  cases, 
these  descriptions  will  identify  one  or  more  of  the  properties  which  determine  a  soil's  limitation  for 
trailbike  use  (Table  1).  Special  note  should  be  made  of  the  property  characteristics  included  in  the  soil 
descriptions.  If  the  existing  survey  contains  soil  descriptions  but  no  map,  the  resource  manager  will 
need  to  prepare  a  field  map  based  on  (1)  a  site  visit  and  (2)  any  appropriate  information  found  in  the 
survey’s  soil  descriptions. 

Most  of  the  existing,  nondetaiied  surveys  which  are  available  will  be  general  soils  surveys  which 
include  general  soils  maps.  A  general  soils  map  is  prepared  using  soil  associations  as  the  mapping  unit. 
Soil  associations  are  groups  of  soil  series  which  occur  in  individual  and  characteristic  patterns.  Associa¬ 
tion  names  are  a  combination  of  the  soil  series  names.  For  example,  the  Susquehanna-Sumter-Houston 
Association  is  found  in  and  around  Fort  Polk,  LA  and  the  three  major  soil  series  which  make  up  the 
association  are  the  Susquehanna,  Sumter,  and  Houston  series. 

The  following  example  describes  how  to  interpret  the  information  on  a  general  soils  map;  this 
information  can  then  be  used  to  develop  a  more  detailed  map  This  interpretation  method  uses  the 
association  descriptions  (which  generally  accompany  the  general  soils  map)  and  a  topographic  map 
(Note  that  many  of  the  concepts  described  below  may  be  applied  to  interpreting  other  surveys.) 

The  following  hypothetical  association  description  is  written  in  much  the  same  manner  as  most 
association  descriptions: 
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HILL-CLIFF-STREAM  ASSOCIATION 


This  is  an  area  of  very  gently  sloping  to  moderately  steep  clayey  and  silty  clay  soils  in 
the  northern  part  of  the  county.  These  soils  are  well  drained  and  typify  the  upper  reaches 
of  small  intermittent  streams.  The  Hill  soils  are  found  on  moderately  sloping  hillsides 
and  make  up  about  60  percent  of  the  association  They  have  a  tine  clay  loam  surface  with 
a  clayey  subsoil.  Cliff  soils  are  found  on  moderately  steep  side  slopes  and  make  up  about 
15  percent  of  the  association.  They  have  a  very  fine  clay  loam  surface  and  a  line  clay 
loam  subsoil.  The  Stream  soils  make  up  15  percent  of  the  association  They  are  found 
along  stream  beds  and  are  very  gently  sloping.  They  have  a  line  silty  clay  loam  surface 
and  a  silty  clay  loam  subsurface.  Minor  soils  make  up  the  remaining  10  percent  of  the 
association. 

This  hypothetical  association  is  mapped  with  two  other  associations  on  the  association  map  shown 
in  Figure  9.  Figure  9  also  includes  a  topographic  map  of  the  same  area.  Considering  the  description  -- 
especially  the  locational  factors  of  each  soil  and  the  association  and  topographic  maps  for  the  hypotheti¬ 
cal  area  —  a  relatively  accurate  series  interpretation  map  can  be  produced  by 

1.  Examining  each  association  description.  The  association  descriptions  generally  indicate  the 
percentage  of  each  major  soil  in  the  association  and  their  locations  relative  to  slope 

2.  Using  the  information  from  the  association  description  and  examining  the  elevation  contours 
on  the  topographic  map  to  interpolate  between  the  contour  lines  and  identify  the  location  of  each  major 
soil  in  terms  of  slope  and  spatial  area 

3.  Drawing  the  soil  boundaries  of  each  soil  association  on  the  topographic  map  Any  difference 
in  the  scale  of  the  general  soils  map  and  the  topographic  map  should  be  taken  into  consideration 

In  the  series  interpretation  map  in  Figure  9,  the  boundaries  for  the  hypothetical  Hill  soils  have 
be„n  tentatively  located  on  the  moderately  sloping  hillsides  (as  defined  by  the  elevation  contours) 
Since  the  Hill  soils  make  up  60  percent  of  the  association,  they  are  drawn  to  contain  about  60  percent 
of  the  spatial  area  of  the  map.  The  remaining  40  percent  of  the  spatial  area  of  the  map  has  been 
divided  about  evenly  between  the  Cliff  and  Stream  soils,  since  they  are  the  remaining  maior  soils  and 
each  make  up  about  15  percent  of  the  association.  The  boundaries  for  the  moderately  steep-sloped 
Cliff  soils  have  been  located  where  the  slopes  are  steeper  (as  defined  by  the  close  contour  lines).  The 
Stream  soils  have  been  located  along  the  stream  where  there  is  a  gentle  slope  (as  defined  by  widely 
spaced  contour  lines). 

If  done  carefully,  this  interpretation  will  enable  the  resource  manager  to  directly  apply  the  soil 
limitations  ratings.  Since  association  names  are  composed  of  the  series  names  of  each  major  soil  in  the 
association,  the  resource  manager  can  obtain  the  limitations  ratings  for  each  major  soil  in  the  associa¬ 
tion  and  then  prepare  the  limitations  map  (Chapter  4) 

As  a  general  rule  of  thumb,  if  one  soil  makes  up  80  percent  or  more  of  tin  association,  the  entire 
association  can  be  considered  to  have  the  soil  properties  of  that  one  soil  Therefore,  the  resource 
manager  can  logically  assume  that  the  limitations  of  that  one  soil  can  be  applied  to  the  entire  associa¬ 
tion.  However,  if  another  major  soil  has  severe  limitations,  its  location  within  the  association  should  be 
noted.  For  example,  the  Cliff  soils  of  the  hypothetical  association  are  located  on  moderately  steep  side 
slopes.  If  the  Cliff  soils  were  determined  to  have  severe  limitations,  it  would  be  best  to  avoid  the  steep 
side  slopes  of  the  candidate  area,  or  at  least  design  trails  which  would  traverse  side  slopes  as  little  as 
possible 

The  type  of  detailed  interpretation  described  above  is  not  recommended  unless  the  person  doing 
the  interpolation  is  adept  at  determining  slope,  interpreting  a  topographic  map.  and  is  somewhat  fami¬ 
liar  with  soils  and  the  terms  used  in  association  descriptions 
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ASSOCIATION  MAP 


Symbol  2  represents  the 
Hill  -  Cliff  -  Stream 
Association 


TOPOGRAPHIC  MAP 


SERIES  INTERPOLATION 


H-  Hill 
C-  Cliff 
S-  Stream 
I-  Association  not 
examined 

3-  Association  not 
examined 


Figure  9  Association  map  interpolation  technique 


Mapping  Soil  Boundaries  During  a  Field  Survey 

If  it  is  necessary  for  the  resource  manager  to  use  Method  6  or  7  (Chapter  2),  a  great  deal  of  effort 
will  be  spent  in  preparing  and  correcting  the  soil  map  Much  time  will  be  spent  examining  soil  proper¬ 
ties  at  many  different  test  sites;  such  examinations  are  critical  to  the  accurate  definition  of  soil  boun¬ 
daries. 

Since  definitive  procedures  for  preparing  a  field  survey  map  are  only  acquired  through  experience, 
this  discussion  is  limited  to  describing  the  basic  observations  which  are  used  to  initially  delineate  soil 
boundaries.  The  primary  consideration  while  making  these  observations  is  the  natural  landscape;  based 
on  a  visual  survey  of  differences  in  the  natural  landscape,  the  resource  manager  can  tentatively  draw 
boundaries  on  either  a  topographic  map  or  an  aerial  photograph  of  the  area.* 

The  first  and  most  obvious  of  the  considerations  which  define  differences  in  the  natural  landscape 
and  associated  soil  characteristics  are  slope  and  vegetation.  Slope  is  generally  expressed  in  terms  of  a 
percentage  -  the  difference  in  elevation  in  feet  for  each  100  ft  (30  m)  horizontally.  For  example,  a  rise 
of  75  ft  (23  m)  in  elevation  over  100  ft  (30  m)  of  horizontal  distance  is  a  75  percent  slope.  Changes  in 
soil  type  and  characteristics  generally  correspond  to  changes  in  slope.  In  areas  with  relatively  steep 
slopes,  the  resource  manager  should  delineate  on  a  topographic  map  and/or  aerial  photograph  those 
places  where  slope  changes  considerably;  e  g.,  the  bottom  of  a  hill  which  spreads  out  into  an  area  of 
much  gentler  slopes,  or  the  top  of  a  bluff  line  which  spreads  out  into  gentler  slopes  towards  the  crest  of 
a  hill.  In  areas  where  the  landscape  varies  less,  smaller  changes  in  slope  should  be  identified 

Changes  in  the  type  and  density  of  the  vegetative  ground  cover  may  also  indicate  differences  in 
soil  properties.  This  is  especially  true  where  the  ground  has  not  been  cultivated;  in  these  areas,  definite 
changes  in  the  type  of  ground  cover  indicate  changes  in  the  chemical  characteristics  of  the  soils.  In 
many  instances,  changes  in  vegetative  cover  also  correspond  to  changes  in  slope. 

Obvious  changes  in  soil  texture  and  stoniness  should  be  marked  on  the  field  map  as  well  as  obvi¬ 
ous  changes  in  the  color  of  the  soil.  These  observable  changes  define  differences  in  the  spatial  distribu¬ 
tion  of  soil  characteristics.  In  many  instances,  changes  in  these  observable  surface  features  will 
correspond  to  (or  are  an  extension  of)  changes  in  slope.  For  example,  an  area  at  the  bottom  of  a  rela¬ 
tively  steep  slope  may  have  a  very  gentle  slope  before  it  flattens  out  -  the  area  with  the  gentle  slope 
will  often  also  exhibit  a  significant  difference  in  the  color  of  the  soil  material. 

After  the  resource  manager  has  identified  these  changes  in  the  natural  landscape  and  drawn  lines 
which  indicate  tentative  soil  boundaries  on  a  working  base  map  (preferably  an  aerial  photo),  he  or  she 
can  begin  to  identify  the  soil  properties  which  may  restrict  trailbike  use.  If  the  soil  base  map  was 
prepared  from  an  existing  survey  map,  an  examination  of  the  appropriate  soil  properties  should  be 
made  at  two  or  three  test  sites  within  each  soil's  boundary.  If  the  resource  manager  prepared  the  work¬ 
ing  base  map  from  field  observations,  several  test  sites  should  be  chosen,  two  or  three  sites  should  be 
located  in  the  central  portion  of  each  bounded  area  and  at  least  five  should  be  located  along  the  area's 
boundaries.  Test  sites  along  boundaries  will  give  specific  information  on  soil  properties  so  boundaries 
can  be  adjusted  to  be  more  accurate. 


Examining  Soil  Properties 

Various  field  and  laboratory  techniques  can  be  used  to  examine  the  soil  properties  listed  in 
Table  I  (the  soil  limitations  rating  guide).  This  section  describes  one  or  more  such  techniques  for  each 
soil  property;  some  are  technical  and  will  require  the  purchase  of  testing  equipment,  others  are  very 
simple  and  will  only  require  time  and  effort.  It  is  left  to  the  resource  manager  to  decide  which  tech¬ 
nique  he  or  she  will  use.  However,  to  obtain  the  most  reliable  results,  the  more  technical  techniques 
should  be  used 

Each  technique’s  description  will  refer  to  one  or  more  of  the  12  restrictive  features  listed  in 
Table  1.  Since  there  is  considerable  interrelationship  among  the  properties  which  are  examined  to 

*  For  examples  of  a  detailed  soil  survey  and  survey  maps,  the  reader  should  obtain  a  recent  SCS  survey  for  a  county  or  area 
near  his  or  her  location  Additional  information  and  soil  survey  techniques  can  be  found  in  the  Soil  Survey  ManuaL  U  S 
Department  of  Agriculture  Handbook  No  18,  prepared  by  the  Soil  Survey  Staff  and  issued  August  W5I;  this  manual  is  avail 
able  from  the  Superintendent  of  Documents,  II  S.  Government  Printing  Office,  Washington.  DC 
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determine  these  restrictive  features,  they  are  not  discussed  in  the  order  they  appear  in  Table  I.  The 
description  of  each  technique  is  accompanied  by  an  explanation  of  how  to  interpret  the  results  in  terms 
of  trailbike-use  suitability. 

USDA  Texture 

Soils  are  composed  of  mixtures  of  various-sized  particles.  These  particles  are  classified  by  size 
into  gravel,  sand,  silt,  and  clay.  Gravel  may  range  from  2.0  to  76.2  mm.  Sand  grains  feel  gritty  and 
can  be  seen  easily  (0.05  to  2.0  mm).  Silt  particles  can  be  seen  with  a  microscope  and  look  and  fee  I 
much  like  flour  (0.002  to  0.05  mm)  Clay  particles  are  so  fine  (less  than  0.002  mm)  that  they  can  only 
be  seen  with  a  very  sophisticated  microscope.  A  soil's  texture  is  determined  by  the  relative  percentage 
of  each  particle  size  it  contains.  If  a  soil  contains  considerable  quantities  of  at  least  two  sizes  of  parti¬ 
cles,  it  is  known  as  loam.  Table  3  lists  the  various  terms  and  abbreviations  the  USDA  gives  to  various 
soil  textures. 

An  examination  of  USDA  soil  textures  will  help  determine  if  a  soil  has  limiting  properties 
because  it  is  a  "permafrost,"  "too  clayey,”  "too  sandy."  or  "too  dusty"  (restrictive  features  1,  5,  6,  and  1 1 
in  Table  1 ).  Two  techniques  for  doing  this  are: 

Texture  by  Hydrometer  Technique.  The  hydrometer  technique  for  determining  soil  texture  is 
based  on  a  mechanical  analysis  of  the  settling  rates  (in  water)  of  soil  particles  of  varying  sizes.  The 
hydrometer  technique  is  fairly  precise.  However,  if  this  technique  is  used,  the  resource  manager  will 
need  to  obtain  several  items  of  equipment.  Fortunately,  the  majority  of  the  items  are  relatively  inex¬ 
pensive.  They  are: 

1.  A  soil  hydrometer,  calibrated  at  20°C,  graduated  in  grams  per  liter  with  a  range  of  0  to  50 
(approximate  cost:  $14). 

2.  A  sedimentation  cylinder,  64  mm  in  diameter  and  460  mm  in  height.  The  cylinder  should  be 
marked  for  a  volume  of  1000  ml  (approximate  cost:  $20).  In  most  cases,  the  resource  manager  will 
want  to  test  several  soil  samples  in  a  day.  This  means  he  or  she  will  have  to  obtain  several  sedimenta¬ 
tion  cylinders. 

3.  A  balance,  sensitive  to  0.1  g. 

The  sedimentation  cylinder  and  the  balance  may  be  available  from  the  laboratory  of  the 
installation's  water  or  sewage  treatment  plant.  If  they  are  not  available  and  cannot  be  purchased,  a 
Corps  of  Engineers  District  office  can  be  asked  to  help  perform  the  procedures. 

The  hydrometer  technique,  as  presented  here,  has  been  simplified  considerably.  However,  if  each 
measurement  taken  throughout  the  technique  is  as  accurate  as  possible,  the  results  will  be  reliable 
Further  information  and  a  more  technical  explanation  of  this  technique  is  given  in  Appendix  V  of  EM 
1 1 10-2-1906.8  The  simplified  technique  is  as  follows 

Step  l.  Oven  dry  at  least  200  g  of  the  sample  soil  at  220°F  (105°C)  for  at  least  8  hours.  (This 
can  be  done  in  a  domestic  oven.) 

Step  2.  Weigh  out  50  g  of  oven  dry  soil  and  place  it  into  a  clean  container  which  will  hold  at  least 
600  ml 

Step  3.  Fill  the  container  to  within  5  cm  (50  mm)  of  the  top  with  distilled  water.  Add  10  ml  (8 
g)  of  sodium  hexametaphosphate  (trade  name:  Calgon). 

Step  4  Allow  the  soil  sample  *o  soak  for  1 5  minutes. 

Step  5.  Disperse  (mix)  the  contents  of  the  container  until  the  soil  particles  are  suspended  in  the 
liquid  This  can  be  done  using  a  paint  mixer  or  a  kitchen  blender  (3  to  5  minutes  mixing  time) 

Step  6  Immediately  pour  and  wash  the  mixture  into  the  sedimentation  cylinder  and  fill  the 
cylinder  to  the  l-l  mark  with  distilled  water 


*  l.ahoraton  Soils  Teuinit.  Engineer  Manual  (FMI  1 1 10-2-1  *^06  (Department  of  the  Army.  Office  of  Ihe  Chief  of  Fngineers.  30 
November  WO) 


Table  3 


Abbreviations  Used  for  Various  Soil  Textures 


Texture 

Abbreviation 

Texture 

Abbreviation 

Coarse  sand 

COS 

Very  fine  sandy  loam 

VFSL 

Sand 

S 

Loam 

L 

Fine  sand 

FS 

Silt  loam 

SIL 

Very  tine  sand 

VFS 

Silt 

SI 

Loamy  coarse  sand 

LCOS 

Sandy  clay  loam 

SCL 

Loamy  sand 

LS 

Clay  loam 

CL 

Loamy  fine  sand 

LFS 

Silty  clay  loam 

SICL 

Loamy  very  fine  sand 

LVFS 

Sandy  clay 

SC 

Coarse  sandy  loam 

COSL 

Silty  clay 

SIC 

Sandy  loam 

SL 

Clay 

C 

Fine  sandy  loam 

FSL 

-- 

Source:  USDA,  Soil  Conservation  Service,  Form  SCS-SOILS-5,  Soil  Survey 
Interpretations  Instructions 
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Step  7.  Tightly  cover  the  end  of  the  cylinder  with  one  hand.  Shake  the  contents  vigorously  while 
turning  the  cylinder  upside  down  and  back  several  times.  (Make  sure  that  all  soil  particles  are 
suspended  in  the  solution  and  do  not  stick  to  the  bottom  of  the  cylinder  ) 

Step  K  Place  the  cylinder  on  a  table  (note  the  time)  and  quickly  but  gently  place  the  hydrometer 
into  the  mixture.  Record  the  reading  of  the  hydrometer  at  the  end  of  exactly  10  seconds  and  at  the 
end  of  40  seconds.  The  hydrometer  is  read  at  the  point  where  the  stem  breaks  the  surface  of  liquid 
mixture  at  the  top  of  the  cylinder.  If  there  is  too  much  foam  to  accurately  read  the  hydrometer,  add  a 
few  drops  of  isoamyl  alcohol  or  touch  the  foam  with  a  piece  of  hand  soap  before  taking  the  10-second 
reading  (Ten  seconds  is  a  very  short  period  of  time,  but  the  reading  obtained  if  the  steps  are  practiced 
a  few  times  and  done  carefully  will  be  sufficient  for  further  calculations  and  should  yield  fairly  accurate 
data. ) 

Step  V.  Remove  the  hydrometer  at  the  end  of  the  final  40-second  reading  and  wipe  it  clean 
(Wipe  the  hydrometer  clean  with  a  soft  cloth  each  time  it  is  removed  from  the  mixture.) 

Step  10.  Repeat  Steps  7,  8,  and  9  to  check  the  results  Record  the  average  for  the  10-  and  the 
40-second  readings. 

Step  U.  At  the  end  of  2  hours,  again  place  the  hydrometer  into  the  cylinder  for  another  reading 
(The  contents  of  the  cylinder  should  not  be  disturbed  between  the  40-second  and  2-hour  measurement 
periods.  > 

The  hydrometer  readings  indicate  the  weight  of  the  soil  particles  which  remain  in  suspension  at 
the  time  of  each  reading.  Based  on  Stokes'  law  relating  the  terminal  velocity  of  a  sphere  falling  freely 
through  a  fluid  to  the  diameter  of  the  sphere,  the  large-size  sand  particles  will  fall  out  of  suspension 
first,  followed  by  silt,  then  clay  At  the  40-second  reading,  all  sand  particles  greater  than  0.05  mm  will 
have  fallen  out  of  suspension.  Therefore,  the  40-second  hydrometer  reading  indicates  the  weight  of  the 
silt  and  clay  which  has  remained  in  suspension.  At  the  2-hour  reading,  only  the  clay  particles  will  have 
remained  in  suspension.  By  calculating  the  weight  of  the  particles  which  have  fallen  from  suspension 
after  each  reading,  the  percent  of  sand,  silt,  and  clay  which  the  soil  contains  is  determined  Knowing 
this,  the  texture  of  the  sample  can  be  established.  .(The  10-second  reading  is  used  to  determine  the  soil 
erodibility  [Kl  factor  and  is  discussed  beginning  on  p  44 ) 

Table  4  describes  the  procedure  for  determining  the  percent  of  sand,  silt,  and  clay  h  can  be 
reproduced  and  used  as  a  work  sheet 

To  determine  a  soil’s  textural  classification  from  the  percentages  of  particle  size,  the  IJSDA  tex¬ 
tural  triangle  (Figure  10)  is  used.  To  use  the  textural  triangle  locale  (along  the  appropriate  sides  of  the 
triangle)  the  percentages  of  sand,  silt,  and  clay  which  were  found  in  the  sample.  From  those  points, 
the  lines  which  divide  the  triangle  are  followed  to  the  point  where  all  three  lines  intersect  For  percent 
sand,  the  lines  which  proceed  up  and  to  the  left  are  followed.  For  percent  silt,  the  lines  which  proceed 
down  and  to  the  left  are  followed  For  clay,  lines  which  proceed  to  the  right  (straight  across  the  trian¬ 
gle)  are  followed 

The  heavier  lines  on  the  triangle  bound  areas  for  which  soil  texture  classes  have  been  named 
The  point  where  the  lines  extending  from  the  sides  of  the  triangle  intersect  determines  the  sample 
soil’s  textural  classification.  For  example,  if  the  intersection  point  falls  within  the  area  which  is 
classified  as  clay,  the  sample  soil  is  a  clay 

As  listed  in  Table  I,  if  the  soil  is  found  to  fall  in  the  textural  classes  sandy  clay,  silty  clay,  or  clay, 
then  it  has  severe  limitations  for  trailbike  use  because  it  is  "too  clayey"  (refer  to  Table  3  for  textural 
abbreviations).  If  the  soil  is  found  to  be  a  sand,  then  it  also  has  severe  limitations  because  it  is  "too 
sandy"  (note  that  the  textural  triangle  does  not  divide  the  sands  into  coarse  sand,  fine  sand,  or  very  fine 
sand,  therefore,  all  of  these  textures  should  be  considered  to  have  severe  restrictions).  If  the  soil  is  a 
loamy  sand,  then  it  has  moderate  limitations  because  it  is  "too  sandy"  (the  triangle  does  not  define  the 
differences  in  a  loamy  coarse  sand,  loamy  sand,  loamy  fine  sand,  or  loamy  very  fine  sand)  If  the  soil  is 
found  to  be  a  sandy  loam,  loam,  silt  loam,  or  silt,  it  is  "too  dusty  "  If  the  soil  is  a  sandy  clay  loam,  clay 
loam,  or  silty  clay  loam,  it  has  only  slight  limitations  for  trailbike  use  Accordingly,  by  determining  the 
texture  of  each  sample  soil,  the  resource  manager  establishes  the  soil’s  degree  of  limitation  for  restric¬ 
tive  features  5,  6,  and  10  in  Table  I 
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Table  4 


Data  Sheet  for  Soil  Texture  Identification 

Sample  from  test  site  _ 

I  The  oven  dry  weight  (g) 

of  the  soil  sample  _ 

2.  The  10-second  reading  on 

the  hydrometer  (g)  _ 

3  The  40-second  reading  on 

the  hydrometer  (g>  _ _ _ _ _ 

4  The  2-hour  reading  on 

the  hydrometer  (g)  _ _ _ _ _ _ _ _ 

* 

5.  Corrected  10-second  reading  _ 

6.  Corrected  40-second  reading  _ „ _ _ _ 

• 

7.  Corrected  2-hour  reading  _ _ _ _ _ _ 

8  Grams  of  sand  (after  40  seconds 
the  sand  has  settled;  weight 
is  determined  by  subtracting 
the  remaining  grams  of  silt 
and  clay  [line  6|  from  the 
total  weight  of  the  soil  originally 

(line  III  _ 

9.  Percent  sand  in  the 

sample  ([line  8  divided 

by  line  1 1  multiplied  by  100)  _ 

10  Percent  clay  in  the  sample 
( [line  7  divided  by  line  1 1 

multiplied  by  100)  _ _ 

II  Percent  silt  in  the  sample 

(find  silt  by  subtracting  the 
sum  of  percent  sand  [line  91 
and  the  percent  clay  [line  10| 

from  100)  _ _ _ _ _ _ _ 

*  Note  that  the  addition  of  Calgon  as  a  dispersing  agent  will  add  to  the  weight  of  the  material  held  in  suspension.  The  hydrome¬ 
ter  reading  should  be  corrected  accordingly  If  the  resource  manager  used  10  ml  of  Calgon  for  each  test  (or  10  ml  of  Calgon 
for  approximately  1000  ml  of  distilled  water),  the  correction  factor  should  be  8  g/l  Therefore  8  g  should  be  subtracted  from 
each  hydrometer  reading  to  obtain  the  corrected  reading.  If  some  other  dispersing  agent  or  ratio  of  Calgon  in  distilled  w.uci 
solution  was  used,  then  the  correction  should  be  determined  by  taking  a  hydrometer  reading  when  the  cylinder  is  filled  to  the 
1000  ml  mark  with  only  the  dispersing  solution  and  no  soil  material 
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Sand  -  2.0  to  0.05  mm  diameter 
Silt  -0.05  to  0.002  mm  diameter 
Cloy -smaller  than  0.002  mm  diameter 


The  restrictive  feature  permafrost  (feature  I  in  Table  I)  is  also  defined  by  the  property  I'SDA 
texture,  but  it  is  determined  in  a  different  way.  If  a  soil  is  permanently  Iro/en  at  a  depth  of  closer  than 
3  feet  (0.4  ml  from  the  surface,  then  it  has  severe  limitations  because  it  is  a  permafrost  soil  This  limi¬ 
tation  can  only  be  determined  by  experience.  The  local  SCS  office  or  a  professional  soil  scientist  should 
be  able  to  provide  the  resource  manager  with  this  information.  Soils  which  exhibit  permafrost  charac¬ 
teristics  are  found  in  Alaska,  and  in  a  few  isolated  locations  in  the  higher  elevations  of  the  Rocky 
Mountains 

Texture  b>  Feel  Technique  Various  ways  of  determining  texture  by  feel  have  been  developed 
They  are  very  similar  in  that  they  require  the  examiner  to  squeeze  and  manipulate  a  moistened  soil 
sample.  The  following  describes  a  technique  which  is  simple  and  fairly  rapid,  and  with  practice  can  be 
used  to  quite  accurately  determine  soil  texture.*  The  technique  should  be  done  several  times  for  each 
test  sample  in  order  to  obtain  the  best  estimate  of  soil  texture  Figure  1 1  is  the  simplified  textural  tri¬ 
angle  that  is  used  with  this  technique. 

Step  I  Moisten  a  sample  of  soil  in  the  palm  of  the  hand  until  it  can  be  worked  into  a  small  ball  ( 

the  size  of  a  nickel  or  quarter  (add  only  a  very  small  amount  of  water  at  a  time*.  If  a  ball  cannot  be 
formed  and  the  sample  feels  very  gritty,  it  is  probably  a  coarse  or  line  sand 

Step  2.  If  a  ball  forms,  hold  it  between  the  thumb  and  forefinger  and  gradually  press  the  thumb 
forward,  pushing  the  soil  into  a  ribbon  Work  the  thumb  back  and  press  forward  several  times  until  the 
soil  ribbon  breaks.  If  a  strong  ribbon  forms  (greater  than  25  mm*  the  soil  contains  a  large  amount  of  a 
clay  and  us  textural  class  is  located  in  the  upper  part  of  the  triangle  on  Figure  11  If  a  ribbon  forms, 
but  breaks  into  pieces  14  to  25  mm  long,  the  soil  is  probably  a  clay  loam  and  is  located  in  the  central 
portion  of  the  textural  triangle  If  a  weak  ribbon  (less  than  14  mm*  or  no  ribbon  forms,  the  soil  is 
located  in  the  lower  part  of  the  textural  triangle. 

Step  J.  [excessively  moisten  (in  the  palm  of  the  hand*  the  same  sample  used  in  the  ribbon  test 
Rub  the  soil  sample  (with  a  fair  amount  of  pressure)  with  the  index  finger  If  it  feels  gritty,  the  soil 
contains  a  large  amount  of  sand  and  its  textural  class  is  located  on  the  left  side  of  the  textural  triangle 
If  it  feels  very  smooth  and  talc-like,  it  contains  a  considerable  amount  of  silt  and  its  textural  class  is 
located  on  the  right  side  of  the  triangle. 

Step  4.  By  combining  the  results  of  Steps  2  and  3,  the  texture  of  the  soil  sample  can  be  esta¬ 
blished  For  example,  if  the  soil  sample  formed  a  moderate  ribbon  and  felt  smooth  and  talc-like,  the 
soil  is  probably  a  silty  clay  loam  (Figure  1 1  *. 

Once  a  soil  s  texture  has  been  determined  by  the  Texture  by  Feel  technique,  its  limitations  for 
tr.nlbike  use  can  be  established  If  the  soil  is  a  sandy  clay.  clay,  or  silty  clay,  it  has  severe  limitations 
because  it  is  "too  clayey  "  If  the  soil  is  a  sand  (no  ball  was  formed*,  it  has  severe  limitations  because  it 
is  "too  sandy "  If  the  sample  soil  was  a  sandy  loam,  loam,  or  silt  loam,  it  has  moderate  limitations 
because  it  may  become  "too  dusty."  If  the  soil  is  a  sandy  clay  loam,  clay  loam,  or  silty  day  loam,  it  has 
slight  limitations  and  is  acceptable  for  trailbike  use. 

Stout  new 

Stoniness  refers  to  the  percent  of  gravel,  cobbles,  and  stones  found  on  the  surface  layer  of  the 
soil  As  noted  earlier,  gravel  ranges  in  size  from  2  0  to  76.2  mm  Cobbles  range  from  76  2  to  254  mm  < 

Stones  are  rock  f  ragments  larger  than  254  mm. 

An  examination  of  the  weight  percent  of  rock  fragments  found  on  the  surface  of  a  soil  will  help 
determine  if  that  soil  has  limiting  properties  caused  by  large  or  small  stones  (restrictive  features  2  and  l* 
in  Table  I  *  The  presence  of  stones  in  a  trailbike-use  area  is  considered  a  restriction,  since  travel  over 
stony  surfaces  is  generally  unsafe  for  the  rider  Large  stones  may  cause  the  rider  to  lose  control  and 
small  stones  may  result  in  poor  traction  on  climbs  and  turns  and/or  may  be  thrown  at  trailing  riders  bv 
spinning  tires  Three  techniques  to  determine  the  weight  percentage  of  large  and  small  rock  fragments 
are  described  below 
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Visual  Technique  The  visual  technique  uses  estimating  charts  and  a  considerable  amount  of 
visual  perception.  Figure  12  gives  charts  for  estimating  the  proportion  of  rock  fragments  on  the  surface 
layer  These  charts  are  to  be  used  in  the  field. 

Each  chart  represents  what  the  soil  surface  might  look  like  if  it  were  covered  with  a  certain  per¬ 
cent  of  rock  fragments.  The  rock  fragments  are  represented  by  black  squares;  and  fine-textured  soil 
material  (less  than  2  mm)  is  represented  by  white  space  between  the  black  squares.  Each  quarter  of 
any  one  chart  represents  the  same  percent  of  rock  fragments  as  the  entire  chart.  To  illustrate  this,  the 
chart  which  represents  15  percent  coverage  by  rock  fragments  is  divided  into  quarters.  Each  quarter  of 
the  chart  (as  well  as  the  entire  chart)  illustrates  15  percent  coverage  by  rock  fragments. 

The  estimating  charts  and  visual  technique  are  used  as  follows: 

Step  I  Compare  the  coverage  in  black  on  the  charts  to  the  actual  rock  coverage  on  the  ground  to 
estimate  the  .iercent  of  surface  coverage  of  rock  fragments  This  is  more  effectively  done  if  an  area  on 
the  ground  is  marked  off.  this  area  should  be  at  least  1  nr 

Step  2  Determine  which  chart  or  quarter-chart  most  closely  corresponds  to  the  number  and  size 
of  rock  fragments  seen  on  the  ground  This  determination  should  be  done  for  two  different  sizes  of 
rock  fragments  once  for  only  those  rock  fragments  greater  76.2  mm  in  diameter  and/or  length  (cob¬ 
bles  and  stones',  and  once  lor  all  rock  fragments  greater  than  2  mm  in  diameter,  i.e  .  all  visible  rock 
fragments  'gravel,  cobbles.  and  stones'  I  he  two  estimates  are  necessary  to  determine  limitations  for 
both  large  and  small  stones 

Step  l  L  onvert  the  estimated  percent  of  surface  coverage  of  the  large  rock  fragments  to  percent 
by  weight  using  figure  13  Enter  the  graph  on  the  horizontal  axis  labeled  "Percent  of  Estimated  Rock 
fragments  (stones,  cobbles  and/or  gravel)  by  Surface  Coverage"  On  this  axis,  locate  the  percent  sur¬ 
face  coverage  of  rock  fragments  greater  than  76.2  mm  (large  rock  fragments)  as  estimated  from  the 
charts.  Then,  move  vertically  toward  the  top  of  the  graph  until  intersecting  the  curve  labeled  "0%  by 
volume  stones  and  cobbles  (>  3  in.).''  Next,  move  horizontally  to  the  left  until  intersecting  the  axis 
labeled  "Percent  of  Rock  Fragments  by  Weight."  The  value  of  this  intersection  point  is  the  percent  by 
weight  of  the  large  stones  in  the  soil’s  surface  layer. 

Step  4  Determine  the  percent  by  weight  for  small  stones  (restrictive  feature  9)  by  entering  the 
graph  from  the  horizontal  axis  at  the  point  which  represents  the  estimated  percent  surface  coverage  of 
all  rock  fragments  Then,  move  vertically  upward  until  intersecting  the  curve  which  represents  the  per¬ 
cent  of  surface  coverage  by  large  rock  fragments.  Next,  move  horizontally  to  the  left  until  intersecting 
the  left-hand  axis.  The  value  at  this  intersection  is  the  percent  by  weight  of  small  stones  (coarse  frag¬ 
ments  ranging  from  2.0  to  76.2  mm)  in  the  soil’s  surface  layer 

If  this  technique  results  in  a  percent  by  weight  of  large  rock  fragments  greater  than  25,  the  sample 
soil  has  severe  limitations  for  trailbike  use  because  of  "large  stones "  If  the  percent  by  weight  is  10  to 
25,  the  soil  has  moderate  limitations.  If  the  percent  by  weight  is  less  than  10,  the  soil  has  slight  limita¬ 
tions  due  to  "large  stones."  If  the  value  of  the  percent  by  weight  of  small  rock  fragments  is  greater  than 
65,  the  sample  soil  has  severe  limitations  for  trailbike  use  because  of  "small  stones.”  If  the  percent  by 
weight  of  small  stones  is  from  40  to  65,  the  soil  has  moderate  limitations.  If  the  percent  value  is  less 
than  40,  the  soil  has  slight  limitations  for  trailbike  use. 

Sampling  Technique  The  visual  technique  to  determine  limitations  caused  by  stoniness  is  con¬ 
sidered  fairly  accurate  However,  if  it  is  desirable  to  more  accurately  determine  the  limitations,  the 
resource  manager  should  use  the  sampling  technique  With  this  technique,  the  examiner  marks  off  an 
area  on  the  ground  This  area  should  be  at  ieast  I  nr,  the  larger  the  area  which  is  marked  off.  the 
more  accurate  the  sample  will  be 

Once  this  sampling  plot  has  been  established,  all  surface  rock  fragments  greater  than  2.0  mm  are 
collected  Each  rock  fragment  is  measured  The  radius  of  each  round  fragment  is  determined;  and 
used  as  input  into  the  equation  to  determine  the  area  of  a  circle;  nr:  or  3.14  x  the  radius  squared  For 
example,  a  rock  fragment  with  a  radius  of  25  mm  will  represent  a  surface  area  coverage  of  20  c nr.  The 
sum  of  the  area  values  will  indicate  the  approximate  surface  area  of  the  sample  plot  which  is  covered  by- 
round  f  agments  If  the  rock  fragments  are  rectangular,  the  surface  area  covered  by  those  fragments 
are  the  sum  of  the  area  values  of  each  rock  fragment.  For  example,  two  rock  fragments  which  are  each 
approximately  50  mm  wide  and  130  mm  long  cover  a  total  area  of  130  cm:  Two  values  for  surface 
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Figure  12.  Charts  for  estimating  proportions  of  rock  fragments. 


Percent  of  Rock  Fragments  by  Weight 


Percent  of  Estimated  Total  Rock  Fragments  (Stones, Cobbles  and/or  Gravel)  bySurface  Coverage 

(SOURCE:  LUCIEN  N.  LANGDAN,  USDA,  SCS,  PORTLAND  OR) 


Figure  13.  Graph  for  converting  percentage  of  rock  fragment 
surface  coverage  to  percent  by  weight. 
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area  coverage  should  be  computed  one  lor  rock  fragments  greater  than  76. 2  mm  in  diameter  or  length 
(large  stones),  and  one  for  all  fragments  with  a  diameter  or  one  side  greater  than  2.0  mm. 

The  percent  of  surface  coverage  of  both  large  and  small  rock  fragments  is  established  by  deter¬ 
mining  the  percent  of  the  total  sample  area  which  is  covered  by  rock  fragments  of  the  different  sizes. 
For  example,  a  I  m2  area  which  is  covered  by  0  2  nr  of  rock  fragments  with  a  diameter  or  one  side 
greater  than  76.2  mm  is  considered  to  have  a  20  percent  coverage  of  rock  fragments. 

To  determine  limitations  for  trailbike  use,  the  percent  surface  coverage  of  rock  fragments  is  again 
converted  to  percent  by  weight  using  the  graph  in  Figure  13.  If  the  sample  plot  contains  20  percent 
surface  coverage  of  larger  stones,  the  graph  is  entered  on  the  horizontal  axis  at  the  20  percent  point. 
The  next  steps  for  using  the  graph,  as  described  in  the  visual  technique,  are  then  completed  for  each 
rock  fragment  size.  The  degree  of  limitation  for  both  large  and  small  stones  is  then  determined. 

Point-Count  Technique  A  third  technique  which  is  considered  very  accurate  is  a  point-count 
technique.  It  also  requires  the  examiner  to  mark  off  a  sample  plot  of  at  least  1  nr:  again,  the  larger  the 
sample  plot,  the  more  accurate  the  estimate  of  the  percent  surface  coverage  of  stones.  The  sample  plot 
should  be  as  representative  of  the  surface  as  possible;  it  should  not  contain  any  particularly  large  stones 
or  unusual  concentrations  of  stones  or  bare  spots. 

Once  the  sample  plot  has  been  established,  a  grid  is  constructed  over  it.  The  grid  can  be  wire 
mesh  or  netting  or  it  can  be  a  simple  system  of  nails  or  stakes  and  string.  A  point  count  of  approxi¬ 
mately  100  points  yields  fairly  accurate  results  and  should  be  the  minimum  number  of  points  counted. 
However,  the  more  points  counted,  the  more  accurate  the  results.  If  the  sample  plot  is  1  m\  the  grid 
should  have  lines  that  are  a  maximum  of  100  mm  apart,  this  gives  12)  possible  points  or  grid  intersec¬ 
tions,  including  81  inside  and  40  peripheral  intersections. 

To  estimate  the  weight  percent  of  large  and  small  stones  using  this  technique,steps  are  completed 
as  follows; 

Step  I.  Place  or  construct  the  grid  so  that  it  covers  the  sample  plot 

Step  2.  Count  the  number  of  grid  intersections  which  are  located  directly  above  a  stone.  This 
count  should  be  done  twice;  once  for  intersections  directly  above  stones  with  one  dimension  greater 
than  76.2  mm  (large  stones),  and  once  for  intersections  directly  above  all  stones  with  one  dimension 
greater  than  2  0  mm  Intersection  points  on  the  periph  '  of  the  grid  are  counted  only  if  the  number 
of  inside  intersection  points  is  less  than  100.  For  best  results  the  grid  should  include  at  least  100  inside 
intersection  points 

Step  3.  Divide  the  number  of  intersection  points  counted  by  the  total  number  of  intersection 
points  and  multiply  by  100  This  is  done  for  both  counts;  large  stones  (greater  than  76.2  mm  in  length 
or  width)  and  all  stones.  The  figure  used  for  the  total  number  of  intersection  points  includes  points  on 
the  periphery  of  the  grid  only  if  they  were  used  to  make  the  point-count  of  stones.  The  figures  derived 
from  the  calculations  represent  the  percent  surface  coverage  of  stones. 

Step  4.  Find  the  weight  percent  of  large  and  small  stones  found  in  the  sample  plot  by  using  Fig¬ 
ure  13  as  described  in  the  visual  and  sampling  techniques. 

Once  the  weight  percent  of  large  and  small  stones  in  the  sample  plot  is  determined,  the  soil’s 
degree  of  limitation  due  to  stoniness  is  identified  from  Table  1 

Slope 

Slope  is  the  term  used  to  describe  the  incline  or  steepness  of  the  land  It  is  defined  as  the  change 
in  elevation  over  horizontal  distance,  or  the  amount  of  rise  over  run.  A  rise  of  60  ft  (18.3  m)  in  eleva¬ 
tion  over  distance  of  100  ft  (30  m)  represents  a  60  percent  slope.  By  determining  the  percent  slope  of 
the  land  on  which  a  soil  is  located,  the  resource  manager  can  determine  if  a  soil  has  limiting  properties 
because  of  "slope"  (restrictive  feature  8  in  Table  1 ).  Two  techniques  for  doing  this  are  described  below. 

Instrument  Technique.  Soil  slope  is  usually  measured  in  the  field  with  a  hand  level.  An  instru¬ 
ment  commonly  used  is  the  Abney  hand  level.  This  instrument  is  easy  to  use,  the  percent  slope  is 
determined  directly  from  the  instrument  reading  Abney  hand  levels  are  relatively  inexpensive  and 
may  be  available  from  the  Facilities  Engineer  Office 
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To  use  the  Abney  hand  level,  stand  at  the  lowest  point  on  the  slope  which  is  being  measured 
(Figure  14)  Look  through  the  level  at  a  surface  feature  (generally  a  tree  or  shrub)  on  the  top  of  the 
slope  being  measured.  If  the  distance  from  the  bottom  to  the  top  of  the  slope  is  short,  sight  in  on  the 
surface  feature  at  a  point  which  would  be  about  head-high  if  standing  next  to  it.  The  percent  slope  of 
the  land  is  then  read  directly  from  the  level. 

If  slope  of  the  ground  on  which  a  soil  is  located  is  greater  than  40  percent,  the  soil  has  severe  lim¬ 
itations  for  trailbike  use  because  of  excess  "slope."  If  the  slope  is  between  25  and  40  percent,  the  soil 
has  moderate  limitations.  If  the  slope  is  less  than  25  percent,  the  soil  has  slight  limitations  for  trailbike 
use. 

Topographic  Technique.  If  an  Abney  hand  level  or  similar  instrument  for  measuring  slope  is  not 
available,  the  resource  manager  can  determine  percent  slope  from  a  topographic  map.  Topographic 
maps  have  contour  lines  drawn  on  them  which  illustrate  changes  in  elevation. 

To  determine  the  percent  slope  of  a  given  area  on  a  topographic  map,  the  resource  manager  must 
determine  the  change  in  elevation  over  a  particular  distance  on  the  map.  For  example,  suppose  that  the 
resource  manager  wishes  to  find  the  percent  slope  of  a  small  area  on  a  map  drawn  to  a  scale  of 
1:24,000  The  area  on  the  map  contains  nine  contour  lines  in  a  distance  of  1  in.  (25.4  mm).  If  the 
contour  interval  is  20  ft  (6  m),  the  elevation  changes  by  160  ft  (49  m)  within  the  eight  contour  inter¬ 
vals  (8  x  20)  along  the  1  in.  (25.4  mm)  distance.  (Note  that  it  must  be  determined  that  the  slope  of 
the  area  does  not  go  up  and  then  down.  This  is  done  by  precisely  determining  the  elevation 
represented  by  each  contour  line.)  Since  the  scale  of  the  topographic  map  is  T.24,000  (1  in.  =  24)000 
in.  or  1  tn.  =  2000  ft  [610  ml),  the  elevation  changes  160  ft  (49  m)  in  a  distance  of  2000  ft  (610  m), 
or  8  ft  (2.5  m)  in  a  distance  of  100  ft  (30  m).  Therefore,  the  area  has  an  8  percent  slope.  (Note  that 
the  scale  of  topographic  maps  can  vary  considerably. ) 

Once  the  slope  of  the  soil  being  examined  has  been  found,  its  degree  of  limitation  is  determined 
from  the  ranges  given  in  Table  1. 

Depth  to  High  Water  Table 

If  the  resource  manager  knows  the  depth  to  the  high  water  table,  he  or  she  will  be  able  to  deter¬ 
mine  the  degree  of  limitation  caused  by  wetness  or  ponding  (restrictive  feature  3  in  Table  1)  The 
depth  of  the  high  water  table  can  be  determined  in  two  ways: 

Records  Most  installations  have  records  of  any  earthwork  or  excavation  which  may  have  been 
done  on  the  installation  These  records  will  generally  include  an  engineering  study  if  the  earthwork  was 
done  to  prepare  a  construction  site.  In  most  cases,  these  studies  include  a  record  of  the  depth  to  the 
water  table.  Any  studies  available  for  candidate  trailbike  areas  are  valuable  sources  of  water  table  infor¬ 
mation.  Other  sources  for  this  information  are  well  drilling  logs,  area  farmers,  and  local  soil  scientists. 

If  the  depth  to  the  high  water  table  is  less  than  or  equal  to  1  ft  (0.3  m),  then  the  soil  has  severe 
limitations  for  trailbike  use  because  of  "wetness."  Obviously,  if  there  is  standing  water  (ponding)  in  the 
area  for  much  of  the  year,  the  soil  has  severe  limitations.  If  the  depth  is  somewhere  between  1  to  2  ft 
(0.3  to  0.6  m),  then  the  soil  has  moderate  limitations  for  trailbike  use.  If  the  depth  to  the  high  water 
table  is  greater  than  2  ft  (0.6  m),  then  the  soil  has  slight  limitations  due  to  "wetness." 

Field  Technique.  If  no  records  of  the  depth  to  the  high  water  table  exist,  the  resource  manager 
can  determine  the  depth  at  each  test  site  by  digging  a  post  hole.  These  holes  should  be  at  least  2-1/2  ft 
(0.76  m)  deep  and  dug  during  the  wet  season  of  the  year  (when  the  water  table  is  at  its  highest). 

The  depth  to  the  high  water  table  is  then  determined  by  measuring  the  distance  from  the  top  of 
the  water  which  fills  the  post  holes  to  the  surface  of  the  ground.  If  (after  a  day)  a  particular  hole  fills 
with  water  to  within  1  ft  (0.3  m)  of  the  surface,  the  immediate  area  has  a  high  water  table  and  severe 
limitations  for  trailbike  use.  If  the  hole  fills  with  water  to  between  1  to  2  ft  (0.3  to  0.6  m)  of  the  sur¬ 
face,  (hen  the  soil  has  moderate  limitations.  If  the  water  level  in  the  hole  stays  at  a  point  more  than  2 
ft  (0.6  m)  below  the  surface  (or  the  hole  docs  not  till  up  with  water  at  all),  the  soil  has  slight  limita¬ 
tions  for  trailbike  use 
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Figure  14.  Diagram  illustrates  hand  level  method  for  determining  slope. 


Unified  Soil  Texture 

A  soil’s  unified  soil  texture  is  the  most  difficult  soil  property  to  establish.  There  are  no  readily 
applicable  and  easy  field  methods  for  the  installation  resource  manager  to  use.  However,  since  the 
most  important  textural  property  which  requires  identification  is  the  presence  of  excess  organic  material 
or  humus  (restrictive  feature  7  in  Table  1),  it  is  important  for  the  resource  manager  to  be  familiar  with 
the  characteristics  of  highly  organic  soils. 

In  the  unified  classification  system,  OL  is  the  abbreviation  used  to  identify  organic  silts  and 
organic  silty  clays  of  low  plasticity.  (Plasticity  refers  to  a  soil's  capability  of  being  molded  or  deformed 
by  relatively  moderate  pressure.)  The  symbol  OH  identifies  organic  silts  and  clays  of  medium  to  high 
plasticity.  PT  is  used  to  identify  peat  and  other  highly  organic  soils.  All  soils  with  these  classifications 
will  have  severe  limitations  for  trailbike  use  because  they  contain  a  significant  amount  of  organic 
material. 

Organic  soils  are  formed  under  moist,  warm  conditions  such  as  those  which  exist  in  marshes, 
bogs,  and  swamps.  The  organic  material  contained  in  these  soils  is  actually  the  decayed  remains  of 
plants.  Organic  soils  are  generally  very  dark  brown  or  intensely  black;  they  have  a  very  high  water¬ 
holding  capacity  and  are  generally  moist  to  the  touch.  When  dry,  organic  soils  appear  to  be  very  light 
weight  because  they  have  low  bulk  densities.  If,  during  the  field  examination  of  the  soils  of  a  candidate 
trailbike  area,  the  resource  manager  finds  an  area  in  which  the  soils  are  expected  to  have  been  formed 
under  swamp-like  conditions,  he  or  she  should  consider  these  soils  to  have  severe  limitations  for  trail¬ 
bike  use.* 

Erodibility 

A  soil’s  susceptibility  to  erosion  is  a  very  important  factor  in  determining  its  suitability  for  trail¬ 
bike  use.  Susceptibility  to  erosion  is  determined  by  multiplying  the  soil's  erodibility  factor  (K),  by  the 
percent  slope  of  the  soil  (restrictive  feature  4  in  Table  1).  To  do  this,  the  resource  manager  will  need 
to  establish  a  value  for  K. 

Nomograph  Technique.  The  nomograph  technique  gives  a  relatively  accurate  approximation  of 
the  possible  range  of  K  values  for  a  soil.  However,  before  the  nomograph  technique  can  be  used,  the 
resource  manager  must  have  determined  the  sample  soil’s  texture  by  the  hydrometer  technique  <p  31  * 

Figure  15  provides  the  nomograph  which  should  be  used  to  approximate  the  K  value  This  nomo¬ 
graph  was  adapted  from  Wischmeier’s  soil  erodibility  nomograph  for  farmland  and  construction  sites. g 

As  noted  earlier,  sand  grains  range  from  0.05  to  2.0  mm  in  size,  and  silt  particles  range  from 
0  002  to  0.05  mm.  To  use  the  erodibility  nomograph,  the  percent  of  very  fine  sand  (0.05  to  0.1  mm)  in 
a  sample  soil  is  combined  with  the  percent  silt.  Therefore,  percent  sand  becomes  the  percentage  of  par¬ 
ticles  ranging  from  0.1  to  2.0  mm  in  size.  The  hydrometer  technique  described  on  pp  31  to  33  requires 
the  resource  manager  to  take  a  reading  10  seconds  after  suspending  the  sample  soil  in  solution  and 
placing  the  sedimentation  cylinder  on  a  table.  This  10-second  reading  is  used  to  adjust  the  percent  sand 
and  percent  silt  figures  to  the  needed  percent  sand  (0.1  to  2.0  mm)  and  percent  silt  plus  very  line  sand 
(0.002  to  0.1  mm).  The  percentages  are  determined  by  substituting  the  corrected  10-second  reading 
(line  5)  for  the  corrected  40-second  reading  (line  6)  in  the  calculation  for  line  8  in  Table  4.  The  calcu¬ 
lations  for  the  remaining  lines  in  Table  4  are  then  completed  using  the  new  results  for  line  8. 

After  the  percentages  of  silt  plus  very  fine  sand  and  sand  in  a  sample  soil  are  determined,  the 
nomograph  is  used  as  follows: 

Step  /.  Enter  the  nomograph  on  the  left-hand  side  at  that  point  which  represents  the  percent  silt 
plus  very  fine  sand  (0.002  to  0.1  mm)  in  the  sample  soil. 

Step  2.  Move  horizontally  to  the  right  until  intersecting  the  curve  which  represents  the  percent 
sand  (0.1  to  2.0  mm)  in  the  sample. 

•  Tropical  soils,  especially  the  soils  of  Hawaii,  deserve  special  consideration.  Many  of  them  are  highly  organic  soils  and  have 
other  distinct  characteristics  which  would  make  them  unacceptable  for  trailbike  use  As  a  result,  all  tropical  soils  must  be  ex¬ 
amined  hy  a  professional  soil  scientist  to  determine  their  limitations  for  trailbike  use 

W  H  Wischmcicr.  C  B  Johnson,  and  B.  V.  Cross,  "A  Soil  Erodibility  Nomograph  for  Farmland  and  Construction  Sites."  Jour 
na!  nt  Soil  and  Haler  Conservation,  Vol  26.  No.  5  (September-October  1971),  pp  189-193 


PERCENT  SILT  ♦  VERY  FINE  SAND 
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Figure  15.  Nomograph  for  approximating  the  erosion  factor  C K  >  of  soils 


45 


Step  3.  Move  vertically  up  and/or  down  until  intersecting  the  two  lines  which  represent  0  and  4 
percent  of  organic  material. 

Step  4.  Move  right  from  the  points  where  the  0  and  4  percent  organic  material  curves  were  inter¬ 
sected  to  the  right-hand  side  of  the  nomograph.  The  values  of  these  two  intersections  represent  the 
range  of  possible  K  values  for  the  soil. 

This  technique  only  describes  how  to  arrive  at  an  approximation  of  K  The  range  for  the  value  of 
K  reflects  possible  differences  in  organic  matterial.  If  the  resource  manager  wishes  to  identify  a  smaller 
range  for  the  value  of  K,  he  or  she  should  consider  the  characteristics  of  organic  soils  discussed  on 
p  44.  If  he  or  she  feels  that  the  sample  soil  does  indeed  contain  a  significant  amount  of  organic 
material,  the  range  of  the  approximation  of  K  can  be  shortened  somewhat  toward  the  lower  value.  T  he 
same  type  of  logic  will  apply  if  the  resource  manager  feels  that  there  is  little  or  no  organic  material  in 
the  soil  sample.  In  this  case,  the  range  is  shortened  somewhat  toward  the  higher  value 

The  Textural  Classification  Technique.  If  the  resource  manager  has  determined  the  soil  texture 
by  feel,  the  erodibility  nomograph  cannot  be  used  to  obtain  a  range  for  the  value  of  K.  In  this  case,  a 
range  for  the  value  of  the  erosion  factor  is  obtained  from  Table  5.  Table  5  is  used  as  follows: 

Step  I.  Find  the  appropriate  line  which  identifies  the  textural  classification  of  the  sample  soil. 

Step  2.  Move  to  the  right  and  locate  the  line  which  represents  the  range  of  K  values  for  a  soil  of 
that  particular  texture. 

Step  3.  Read  the  range  of  the  K  values  from  the  top  of  the  table 

Once  a  range  for  the  value  of  K  has  been  determined  by  either  the  nomograph  or  textural 
classification  technique,  the  degree  of  limitation  caused  by  erodibility  is  determined  by  ( 1)  multiplying 
the  lowest  value  of  K  for  the  sample  soil  by  the  percent  slope  on  which  the  soil  is  located,  (2)  multiply¬ 
ing  the  highest  K  value  by  the  percent  slope.  If  the  product  of  either  multiplication  is  greater  than  4, 
the  soil  has  severe  limitations  for  trailbike  use  because  it  "erodes  easily."  If  the  value  of  both  products 
is  2  through  4,  the  soil  has  moderate  limitations.  If  the  value  of  both  products  is  less  than  2,  the  soil 
has  slight  limitations. 

Flooding 

The  degree  of  soil  limitation  caused  by  flooding  (restrictive  feature  1 1  in  Table  1 )  can  only  be 
determined  by  examining  any  historical  records  of  flooding  in  the  area  or  by  consulting  installation  per¬ 
sonnel  or  local  residents  who  may  be  familiar  with  the  area’s  flooding  history  If  there  is  a  history  of 
frequent  flooding  (more  often  than  once  in  2  years),  the  soils  which  become  inundated  have  moderate 
restrictions  for  trailbike  use  due  to  "floods."  If  flooding  does  not  occur,  occurs  rarely  (unlikely  but  pos¬ 
sible  under  abnormal  conditions),  or  occurs  occasionally  (less  often  than  once  in  2  years),  the  soils 
have  slight  limitations. 

Susceptibility  to  Very  Severe  Damage 

The  final  examination  of  a  sample  soil  requires  a  determination  of  its  susceptibility  to  very  severe 
damage  (restrictive  feature  12  in  Table  1).  This  determination  is  primarily  based  on  individual  judg¬ 
ment.  In  most  cases,  a  soil  which  is  susceptible  to  very  severe  damage  will  have  been  rated  as  having 
severe  limitations  for  one  or  more  of  the  other  soil  properties.  However,  if  for  any  reason,  the 
resource  manager  feels  that  a  soil  is  fragile  and  would  be  very  severely  damaged  by  trailbike  use,  he  or 
she  should  rate  it  as  having  severe  limitations  for  the  use  until  it  has  been  examined  by  a  professional 
soil  scientist. 
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Table  5 


Guide  for  K-Factor  Determination  by  Textural  Classification* 


Soil 

Texture  K  Factor  Range** 


0.10  0.15  0.17  0.20  0.24  0.28  0.32  0.37  0.43  0.49  0.55  0.64 


cos  x- 
s 

FS 

VFS 

LCOS 

LS 

LFS 

LVFS 

COSL 

SL 

FSL 

VFSL 

L 

SIL 

SI 

SCL 

CL 

SICL 

SC 

SIC 

C 


X 


■X 


-X 


*  This  table  was  developed  from  a  combination  of  sources,  including  K  and  T  Factors  of  Soil  Series  Mapped  in  the  Northeast  Region 
(USDA-SCS,  Upper  Darby.  PA,  June  1970);  Guidelines  for  K  Values  (USDA-SCS.  Lincoln.  NE);  W  H.  Wischmeier,  C  B 
Johnson,  and  B.  V.  Cross,  "A  Soil  Erodibility  Nomograph  for  Farmland  and  Construction  Sites,"  Journal  of  Soil  and  Water  Con¬ 
servation.  Vol  26,  No.  5  (September-October  1971);  and  an  examination  of  the  published  values  of  K  for  100  soils  from  various 
parts  of  the  country 

*'  The  range  of  the  value  of  K  for  a  particular  soil  texture  can  be  adjusted  with  the  following  considerations  (1)  high  organic  ma¬ 
terial  puts  a  soil  in  the  lower  values  of  the  range  of  K,  (21  considerable  numbers  of  coarse  fragments  puts  a  soil  in  the  lower 

\  .i Iik  s  ii|  i  Ik  i  ,iii|K  <i|  k  ,  m»  I  i  * 1  -.Im*  |h  i  iiic.ihilih  puis  .i  soil  in  I  hi  Inpllci  sallies  <’!  I  Ik  i.iitgc  k 
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4  HOW  TO  PREPARE  THE  SOIL  LIMITATIONS  MAP 


General 

This  chapter  describes  how  to  prepare  and  interpret  the  soil  limitations  map,  which  helps  docu¬ 
ment  site  suitability  as  it  relates  to  soils.  This  map  can  also  be  used  to  help  determine  if  a  candidate 
area  can  or  should  be  opened  to  trailbike  use. 


How  to  Prepare  the  Base  Map 

Before  the  limitations  map  can  be  prepared,  the  resource  manager  will  need  to  prepare  a  base 
map.  This  done  by  reproducing  the  soil  survey  or  field  maps  of  the  candidate  areas.  If  there  is  a  use- 
able  published  survey  available  (alternative  Method  1),  the  appropriate  maps  in  the  survey  are  repro¬ 
duced.  If  a  field  survey  was  undertaken  by  a  professional  soil  scientist  (alternative  Methods  2,  3,  4, 
and  5),  the  maps  prepared  by  the  scientist  are  reproduced.  If  the  resource  manager  used  an  existing 
soil  survey  map  to  produce  a  field  survey  map  (alternative  Method  6),  the  soil  boundaries  of  the  exist¬ 
ing  survey  should  be  reproduced.  If  the  soil  survey  map  was  an  association  map  and  series  boundaries 
were  interpolated,  these  interpolated  boundaries  should  be  reproduced  on  the  base  map.  If  the  resource 
manager  prepared  a  field  survey  map  during  a  visual  survey  of  the  candidate  area  (alternative  Method 
7),  the  visual  survey  map  should  be  reproduced 

It  is  essential  that  any  soil  boundaries  which  were  adjusted  as  a  result  of  the  examination  of  soil 
properties  be  reproduced  with  the  appropriate  adjustments.  Figure  16  is  an  example  of  the  detail  neces¬ 
sary  in  the  base  map. 

In  most  cases,  if  the  base  map  is  copied  exactly  from  a  soil  survey  or  field  maps,  it  will  not 
correspond  to  scale  with  the  other  maps  which  are  used  to  examine  other  environmental  parameters 
during  the  total  trailbike-area  evaluation  procedure  (Volume  I).  If  it  is  desirable  to  make  this  map 
correspond  to  scale  with  the  other  maps,  the  resource  manager  can  ask  the  installation’s  Master  Plan¬ 
ning  Office  to  help  adjust  the  base  map’s  scale. 


How  to  Prepare  the  Limitations  Map 

To  prepare  the  limitations  map  it  will  be  necessary  to  identify  the  degree  of  limitation  for  trailbike 
use  of  each  soil  series  or  phase  on  the  base  map.  If  alternative  soil  suitability  Methods  I,  2,  or  3  in 
Chapter  2  are  used,  the  limitations  ratings  are  available  as  described  on  p  If  alternative  Methods  4 
or  5  are  used,  limitations  should  have  been  identified  by  the  professional  soil  scientist  responsible  for 
the  field  survey.  If  alternative  Methods  6  or  7  are  used,  the  resource  manager  identifies  the  limitations 
from  data  obtained  using  the  field  and  laboratory  analysis  techniques  (Chapter  3). 

To  identify  the  degree  of  limitation  from  the  analyses  data,  the  combined  properties  and  limita¬ 
tions  of  each  soil  or  soil  phase  are  examined  on  a  "worst  case"  basis.  Each  soil  is  then  given  an  overall 
rating.  For  example,  if  a  soil  has  slight  restrictions  for  every  soil  property  which  was  examined,  except 
that  it  has  greater  than  65  percent  by  weight  small  stones  (a  severe  limitation),  the  soil  is  rated  as  hav¬ 
ing  severe  limitations. 

For  each  soil,  the  restrictive  feature(s)  which  gives  it  the  worst  case  limitation  should  be  recorded. 
For  the  example  soil  above,  the  following  would  be  recorded: 

1 .  The  soil’s  name,  phase,  and/or  textural  classification 

2  Its  location  and/or  map  symbol  on  the  base  map 

3.  The  degree  of  limitation  (i.e.,  severe) 

4.  The  restrictive  feature  which  caused  the  rating  (i.e.,  small  stones). 

If  a  soil  has  two  properties  which  give  it  a  severe  limitation,  both  restrictive  features  should  be 
recorded.  This  allows  the  resource  manager  to  document  the  reason(s)  why  a  soil  was  given  a  certain 
degree  of  limitation.  These  records  should  be  kept  for  all  soils,  even  those  with  only  slight  restrictions. 
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(Source1  Soil  Survey  of  Riley  County  ond  Port  of  Geory  County,  Konsos— Sheet  Number 
24,  USDA-Soil  Conservation  Service,  Washington, D  C.,  June  1975) 

Scale  I  24,000  ♦  N 


Figure  16.  Example  soils  base  map. 


To  prepare  the  limitations  map,  the  soils  displayed  on  the  base  map  are  colored  red  or  yellow 
within  their  respective  boundaries.  Soils  or  areas  which  have  moderate  limitations  should  be  colored 
yellow,  soils  or  areas  with  severe  limitations  should  be  colored  red;  soils  or  areas  with  slight  limitations 
remain  uncolored  (or  colored  green).  Figure  17  is  a  sample  limitations  map. 


How  to  Interpret  the  Limitations  Map 

Since  the  soil  limitations  map  is  color-coded  according  to  the  degree  of  limitation  which  the  soil  or 
area  exhibits,  the  resource  manager  and/or  decision-maker  can  readily  determine  the  suitability  of  can¬ 
didate  areas.  Those  areas  left  uncolored  (or  colored  green)  have  slight  limitations  and  are  acceptable 
for  trailbike  use  as  far  as  soils  are  concerned.  Those  areas  colored  yellow  have  moderate  limitations 
By  consulting  the  soil  limitations  records  and/or  field  notes,  the  resource  manager  should  be  able  to 
identify  the  restrictive  feature  which  gave  each  soil  or  area  the  moderate  limitation.  Soils  or  areas  with 
moderate  limitations  may  be  acceptable  for  use  if  proper  planning,  design,  and  management  procedures 
are  used  to  designate  trails,  control  erosion,  and/or  mitigate  the  restrictive  feature. 

Those  soils  with  severe  limitations  may  also  be  developed  as  trailbike-use  areas  if  the  restrictive 
feature  can  be  mitigated.  This,  however,  depends  on  the  type  of  restricting  soil  property  and  trail 
design  and  management.  Army  Technical  Manual  5-630  provides  guidance  on  techniques  and  pro¬ 
cedures  which  can  be  used  for  erosion  control  and  soil  management.10 

Many  of  the  soils  on  most  installations  will  have  moderate  or  severe  limitations.  In  many  cases, 
these  soils  will  be  the  ones  which  have  properties  which  are  desired  by  trailbike  users,  e  g.,  steep  slopes. 
Therefore,  it  is  likely  that  the  resource  manager  will  have  to  make  certain  tradeoffs  between  user 
desires  and  absolute  environmental  protection.  This  means  that  some  soils  with  moderate  and  severe 
restrictions  will  often  be  included  in  the  trailbike-use  area. 

Table  I  was  developed  with  this  tradeoff  in  mind.  The  restrictive  features  are  listed  in  order  of 
the  relative  severity  of  their  restrictions.  Therefore,  "permafrost,"  "large  stones."  "wetness,”  "ponding." 
and  "erodes  easily"  represent  the  most  severe  restrictive  features.  The  features  listed  at  the  bottom  of 
Table  1  are  less  severe,  with  the  exception  of  "fragile  soils.”  (No  soils  identified  as  fragile  should  be 
included  in  a  trailbike-use  area.)  If  soils  with  moderate  and  severe  restrictions  are  opened  to  trailbike 
use  as  a  tradeoff  with  user  desires,  the  soils  which  have  restrictive  features  which  appear  at  the  bottom 
of  Table  1  should  receive  first  consideration. 

Having  examined  the  soils  of  candidate  use  areas  in  the  manner  described  in  this  report,  the 
resource  manager  or  decision-maker  has  complete  documentation  of  the  suitability  of  the  soil  in  each 
area  Before  deciding  if  an  area  can  be  opened  to  trailbike  use,  he  or  she  should  examine  the  other 
environmental  factors  as  described  in  Volume  I  of  this  report.  After  completing  the  procedures 
described  in  Volume  I,  the  decision  of  whether  or  not  to  open  an  area  to  trailbike  use  can  be  made  If 
an  area  is  to  be  opened,  the  resource  manager  should  follow  the  trail  development  guides  given  in 
Volume  I  of  this  report. 


111  Repairs  and  Utilities:  (/round  Maintenanie  and  Land  Manaxemenu  Army  Technical  Manual  (TM>  5-6JO  (Department  of  the 
Army.  4  December  1%7I 
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Figure  17.  Example  soil  limitations  map 


5  CONCLUSIONS 


The  alternate  soil  evaluation  methods  given  in  Chapter  2  and  Figures  2  through  8  are  immediately 
applicable  to  Army  military  activities.  These  methods  (and  other  information  provided  in  Volume  I) 
can  be  used  any  time  there  is  a  need  to  investigate  or  establish  a  trailbike-use  area;  the  information 
obtained  through  the  use  of  these  methods  should  be  applied  in  all  environmental  assessments  of  trail- 
bike  use. 

To  use  these  methods  in  the  most  effective  way,  the  resource  manager  and/or  person  doing  the 
evaluation  should  attempt  to  use  the  easiest  and  most  reliable  one,  as  defined  by  his  or  her  particular 
situation.  In  all  cases,  it  is  first  recommended  that  efforts  be  undertaken  to  obtain  the  cooperation 
and/or  opinion  of  a  professional  soil  scientist.  This  effort  is  especially  necessary  if  there  is  any  question 
as  to  the  suitability  of  a  particular  soil.  Also,  most  soils  have  different  properties  at  different  depths 
and  many  behave  and/or  react  differently  under  changing  conditions,  e.g.,  rainfall  or  freezing.  An 
experienced  soil  scientist  can  help  identify  those  soils  which  might  be  adversely  affected  by  changing 
conditions.  He  or  she  can  also  provide  valuable  advice  concerning  mitigation  procedures. 
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